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THE PERIPHYTON COMMUNITIES
OF A MUNICIPAL WASTEWATER TREATMENT PLANT

ZBIOROWISKA PERYFITONU MIEJSKIEJ OCZYSZCZALNI  SCIEKOW

Abstract: The study was undertaken to determine the compnsiti periphyton and its quantitative development
during consecutive stages of wastewater treatmeaflow-type purification plant with the biologigaart serving

as a modified Bardenpho system (Hajdow, Lublintls@astern Poland).The periphyton was sampled ftem
wastewater plant walls at all main stages of wpteification. The following groups of organismsgaé, fungi,
flagellates, testate amoeba, ciliates, rotifers, m@matodes were identified in the composition efghyton. At
the end of the purification process, the proporidnmetazoa and protozoa in the periphyton of thezassive
chambers increased, while the abundance of flagslideclined. In all the sampling points studiedtgroa and
metazoa formed the basis of the periphyton commuamit their proportion ranged from 75 to 95%.

Keywords: periphyton, communities, municipal wastewaterttremnt plant (WWTP), protozoa, metazoa

Introduction

The periphyton is observed on all surfaces subndeigewater. The biofilm was
studied mostly in purification systems, where itswtae main instrument and process factor
of sewage treatment. Many publications are devtdestudies of physical characteristics
and physiological activity of biofilms and their dtarial component [1-4]. At the same
time, a relatively small number of studies providrmation concerning other organisms
that together with bacteria are regular componehtsiofiim and have a certain influence
on bacterial life activity and on the purificatigprocess performed by the biofilm
community. For example, the paper by Madoni [5]taeors data about biofilm protozoa
from rotating biological contactors (RBC) and pédating filters. Results of studies of
protozoa in percolating filters have been preseftgdsome authors [6, 7]. Results of
research of ciliate populations and their distiiiruin RBC systems can be found in papers
[8-12]. There is also evidence that, besides biacteiliates are the most numerous and
important organisms in the biofilm of RBC [10, 1Metazoa are also an important part of
biofilm community, since they often reach big quies and are influential links of trophic
chains [13, 14].

Today, there is not enough information to spedify tole that periphyton plays in such
treatment facilities as bioreactors with activastddge working in the flow-mode or in
SBRs. Much less is known about periphyto@,a biofilm growing on the walls of

1I.I. Schmalhausen Institute of Zoology of Natiorstademy of Sciences of Ukraine, B. Khmelnitsky 15,
01601 Kiev, Ukraine, email: rbabko@ukr.net

2 Sumy State University, Rymskogo-Korsakowa 2, 40807y, Ukraine, email: kuzmina_tm@ukr.net

% Faculty of Environmental Engineering, Lublin Unisi#y of Technology, ul. Nadbystrzycka 40B, 20-@ilin,
Poland, email: g.lagod@wis.pol.lublin.pl

4Institute of Agrophysics, Polish Academy of Sciesmc ul. Déwiadczalna 4, 20-290 Lublin, Poland,
email: k.jaromin-glen@ipan.lublin.pl

" Contribution was presented during ECOpole’14 Canfee, Jarnoltowek, 15-17.10.2014
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purification facilities submerged in wastewaterarthabout activated sludge that is
functioning in bioreactors. This paper presents shedy of the structure of the main
periphyton groups and their quantitative developmendifferent stages of wastewater
purification. The analysis of the structure dynasnénd diversity of the main periphyton
groups in each purification stage can provide #altil information concerning stability of

the aforementioned processes and probable destdiuii of the activated sludge structure
and properties.

Materials and methods

The research material comprised periphyton samjfilech the main line of the
technological system of the “Hajdow” mechanicallbgical wastewater treatment plant in
Lublin (south-eastern Poland). The analyses ofpwéphyton during the main stages of
sewage purification were carried out in spring wilaetivated sludge was not in optimal
conditions. In the aeration chamber, the initi@gsis of activated sludge bulking and
foaming were observed. The samples of the periphytom the walls of the main
chambers were analyzed to calculate the quantfiise major hydrobiont groups, such as
flagellates, testate amoebae, rotifers, nematodkstes, algae, and fungi. Ciliates were
analyzed according to their ecological groups adchied ciliates, crawling ciliates, and
swimming ciliates.

The samples were taken with a scraper ca. 15 cowbttle sewage surface in each
device. The periphyton was sampled from an aregppfoximately 100 cf The sampling
points included: 1 - screen chamber, 2 - grit chennB - primary clarifier, 4 - anaerobic
chamber, 5 - anoxic chamber, 6 - aeration chamider, secondary clarifier, and
8 - recirculation channel. The data presentederatiicle are averaged from two months of
the experiment with a one-week sampling period.

Results and discussion

During the study period, there was a tendency thatproportion of metazoa and
protozoa in the periphyton of the successive chasnivas increasing towards the end of the
purification process (Fig. 1). Their percentag¢hat various purification stages ranged from
75 to 95%. Together with fungi, the proportion etdrotrophic organisms in the periphyton
can reach 99%. The proportion of fungi in the wasiatages of purification was not higher
than 8%, while autotrophic organisms formed fronn125% of all organism abundance.
Similar results were obtained in an RBC-type waieatment plant [11]. In such periphyton
(RBC), ciliates constituted the most numerous gro@prganisms (55-95% of the total
guantity). In the periphyton conditions of the Hajdflow-type purification plant, ciliated
protozoa make up from 14 to 69%.

In treatment facilities such as aeration chamtzertsyated sludge usually operates on the
basis of heterotrophic communities, and their aopdtic component is minimized. Therefore,
the question of determination of the potential lmement of autotrophs in the periphyton of
treatment plants is of great interest. The roleetdérotrophic and autotrophic organisms in the
periphyton structure in the conditions of the tneatt plant is shown in Figure 2. There is
a direct relation between the dynamics of algaetdiations in illumination intensity, and



The periphyton communities within municipal wasiev treatment plant 15

efficiency of the water clarification process. Theantitative representation of algae and
fungi recorded at various points during this stigdgresented in Figure 3.

Quite an independent tendency was shown by teatateebae and flagellates. The
average values of testate amoebae abundance wereasiag insignificantly from the
beginning until the end of the purification proce&multaneously, this tendency in
flagellates was quite explicit (Fig. 4). Since theginning of the process, their abundance
decreased by 30 times. It is obvious that smadiefllates propagate fast in the water rich in
organic matter and with minimum oxygen saturatibnus, the flagellate dynamics will be
rather determined by disturbances in the purificatprocess or excessive inflow of
wastewater. According to Curds [15], flagellatesdmminate in the system in the early stages
because of their lower energy requirements. Hetgbic flagellates are therefore recognized
as indicators of malfunction of treatment facibtier their overload [5].

a) b)
[ all organisms & all organisms
100 [] metazoa 100 [] protozoa (ciliates)

Relative abundance [%]
Relative abundance [%)]

Sampling points Sampling points

Fig. 1. Proportion of metazoa (a) and ciliatesifbthe total abundance of organisms in the peripiyiong the
treatment plant. Sampling points: 1 - screen chantegrit chamber, 3 - primary clarifier, 4 - @nabic
chamber, 5 - anoxic chamber, 6 - aeration chamtbesgcondary clarifier, 8 - recirculation channel

| O protozoa and metazoa W algae W fungi |

100

80 H — — | =

40 H - - — - - - - -

Relative abundance [%]

20 H | — - - - = — =

1 2 3 4 5 6 7 8
Sampling points
Fig. 2. The ratio of the quantitative representataf different groups of organisms in the structofethe
periphyton community along the treatment plant. flarg points: 1 - screen chamber, 2 - grit chamber,

3 - primary clarifier, 4 - anaerobic chamber, 5noxic chamber, 6 - aeration chamber, 7 - secondary
clarifier, 8 - recirculation channel
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5000

4000 A

algae A\
3000 / \
2000 AN / \

1000 /
0 —

1 2 3 4 5 6 7 8

Abundance [ind/cm?]

Sampling points

Fig. 3. Abundance of algae and fungi in the periphyalong the treatment plant. Sampling points:streen
chamber, 2 - grit chamber, 3 - primary clarifier; dnaerobic chamber, 5 - anoxic chamber, 6 - iaerat
chamber, 7 - secondary clarifier, 8 - recirculatbannel

3000 e ces e testate

\ — flagellates
2000 \
1000

1 2 3 4 5 6 7 8

Abundance [ind/cm?]

Sampling points

Fig. 4. Abundance of testate amoeba and flageliatéee periphyton along the treatment plant. Samggboints:
1 - screen chamber, 2 - grit chamber, 3 - priméayifeer, 4 - anaerobic chamber, 5 - anoxic chamber
6 - aeration chamber, 7 - secondary clarifierré&irculation channel

Summary and conclusions

The periphyton community in the successive chambktise flow-type treatment plant
with the biological part functioning in the modifiesystem Bardenpho reached maximum
abundance in the primary and secondary clarifiemvards the end of the purification
process of the periphyton in the successive chaniee amount of protozoa and metazoa
increased. In all the sampling points studied, lihsis of the periphyton community was
formed by protozoa and metazoa, which accounted 7##95%. The proportion of
heterotrophs reached 99% and that of autotrophed/émom 1 to 25%.
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Abstrakt: W pracy zaprezentowano badania sktadu peryfitgega rozwoj iléciowy podczas kolejnych etapéw
oczyszczanigciekOw w miejskiej oczyszczalriciekow Hajdow w Lublinie, ktérej e#¢ biologiczna pracuje
w technologii zmodyfikowanego systemu BardenphdbRir peryfitonu pobierano z powierzchitian obiektow
na wszystkich gtéwnych etapach oczyszczasiekéw. W skladzie peryfitonu zostaty zidentyfikavea
nastpujace grupy organizméw: glony, grzyby, wiciowce, ameborupkowe, orgki, wrotki i nicienie.
W kolejnych analizowanych wdzeniach zlokalizowanych w ggu technologicznym oczyszczalni peryfiton
wykazywal wzrost iléci organizméw w olgbie grup metazoa i pierwotniakdw, podczas gdy bemét
wiciowcow ulegta zmniejszeniu. We wszystkich baddnypunktach pomiarowych podstawa zbiorowisk
peryfitonu utworzona byta przez pierwotniaki i maga, ich udziat wahatsiod 75 do 95%.

Stowa kluczowe:peryfiton, zbiorowiska, komunalna oczyszczakuekoéw, pierwotniaki, metazoa
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Abstract: Rapidly growing commercial poultry production gestes large amounts of waste. Waste that
accumulates during the poultry slaughter procemnotmains unprocessed, becoming a serious tiorpabple’s
health and the natural environment. Poultry pradactvaste constitutes problems odour threat andyetans
sanitary threat. The aim of this study was to deilee the population size oEscherichia coliand Clostridium
perfringensin poultry waste and in successive stages of wastgposting. Research material consisted of raw
feathers collected immediately after the slaugtgamples of biological sludge from the centrifugexture of
straw, feathers and lime and processed compostobl@ogical analyses were conducted with the dsspoead
plate count method and the substrate was useccordance with research standards. The size oflgtgu of
microorganisms in the samples analyzed correspotwléite waste processing stage and group of misroliee
presence of. perfringensstrains was ascertained in all samples, whelfeali strains were identified only in
raw feathers and centrifuge sludge, being most nomsan unprocessed material. A reverse trend Wwasrued in
case ofC. perfringenswith the highest population density in centrifigh@edge and least density in raw feathers.

Keywords: E. coli, C. perfringenspoultry waste, composting

Introduction

Within the last years a continuous developmentafitpy industry has been observed,
which causes the increase of produced wastesptmiis mostly on the size of the farms
and the meat processing plants and the applieduptioth technologies. According to the
Regulation (EC) No 1069/2009 of the European Pasdiat and of the Council of October
21, 2009, which came into force on March 04, 2Ghé&,wastes are included in category 3
as inedible and by-products from animals subjeclaaghter in a slaughterhouse [1]. The
poultry slaughter by-products may become a matdratardous for both the natural
environment and human health. Next to the high remolb organic components, the wastes
are full of pathogenic microorganisms, mainly frartestines and parasites' eggs [2, 3]. In
the processing plants bacteria hazardous to hureatthhare observede Salmonella
enteritidis Listeria monocytogene¥ersinia enterocoliticaand pathogenic strairis coli
and C. perfringens[4-6]. Thus the wastes should immediately undetge treatments
stopping undesired changes and should be procéssednvironmentally safe products.
However the management process of large amourgsidf wastes is relatively difficult.
Sharpening the restrictive regulations of the Eaewsp Union concerning the usage of
slaughter wastes as additions to feeds even irenledlse problem of the wastes

! Department of Microbiology and Biotechnology ofviflonment, West Pomeranian University of Technology
in Szczecin, ul. J. Slowackiego 17, 71-434 Szczeckoland, phone +48 91 449 64 24,
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management [7, 8]. Thus it is so important to imerthe existing methods of rendering the
wastes harmless, as well as searching for and mgsléng new methods [9]. The most
efficient methods of the slaughter wastes util@atinclude composting [10]. Compliance
with appropriate treatment criteria may signifidgribrce the pace of processing the wastes
into non-hazardous, harmless and useful productsvels as significantly reduce the
processing costs [11-13]. Properly conducted thempasting process can reduce the
number of pathogenic microorganisms in poultry w4$4].

The conducted researches have been aimed at #rend®ition of quantity oE. coli
andC. perfringensgn the poultry wastes and successive stages afhmposting.

Materials and methods

The researches focused on the raw feathers frompdhiery slaughter and the samples
from the successive stages of their compostingiological sludge from a centrifuge,
mixture of straw, feathers and lime and the proags®mpost, received in the composting
plant of a poultry processing plant (Fig. 1). Tkenples have been subject to a series of
dilutions that have been used to perform microlgimlal inoculation on selective media,
with the use of plate method. The scope of the gotedl researches included determination
of the quantity of:E. coli on a ready ENDO Agar medium (Scharlau company) and
C. perfringenson Wilson-Blair medium used for the cultivationaosfaerobic spore bacteria,
reducing sulphates. The cultures were incubatetiéntemperature of 37°C for 48 hours.
The quantity of the microorganisms has been praligkecolony forming units (cfu) to
1 gramme of fresh samples mass.

Fig. 1. The research material: a) raw feathersbiblogical sludge from the centrifuge, c) mixturé straw,
feathers and lime, d) processed compost
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Results and discussion

The conducted microbiological analysis of the resteed samples revealed varied
qguantity ofE. coliandC. perfringendacteria. It has been proved tlatcoli bacteria were
the most numerous in raw feathers before the psooggFig. 2). Their quantity was
240 cfu- g of fresh mass and there were more of them (60%4) th the sludge from the
centrifuge.
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Fig. 2. The number d&. coliin research materials

The remaining samplde the mixture of straw, feathers and the processenpost
were free from this bacterium species. It has bstated that all the researched samples
have complied with the standards binding in theuleipn of the Minister of Agriculture
and Rural Development for organic fertilizers, adoag to which the number of bacteria
from Enterobacteriaceadamily, specified on the basis of the number abbh& bacteria,
should be smaller than 1,000 colony forming urnifs per a gramme of the fertilizer [15].
The received results prove decreased number, or @imination ofE. coli bacteria in the
successive stages of composting. The sterilizatieatment has completely eliminated
E. coli bacteria from the mixture of straw, lime and feath The conditions present in the
composting container make it impossible for theté@a to restore its numbers in the
compost. This is proved in the researches of Whlaadwka and her colleagues [16], who
have stated that after 42.5 hours of the compostingcess the process of
Enterobacteriaceaeultivation decreased in all the composted matgriahich happened
due to the increase of the temperature observethdénthermophilic stage. The same
conclusions have been formed by Hassen et al fcording to Epstein [18] the number
of E. coliandEnterococcus faecaliis reduced in temperatures 55-65°C. The authtessta
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that in such conditions the final material is frém pathogens after 14 days
of composting. Chandna et al [19] and Singh e2@] have also stated that the survival rate
of the pathogens in the composted material depemdshe content of the moisture,
C/N ratio, pH, etc.

The analysis of the results @ perfringensbacteria quantity, presented in the chart
(Fig. 3), reveals their presence in all the analysamples. They were distinctly more
numerous in the sludge from the centrifuge withdhantity of 520 cfu g™ of fresh mass.
The lowest number was observed in the feathers poigrocessing 5 cfu g™ of fresh
mass.
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Fig. 3. The number . perfringensn research materials

In the next stage of composting the poultry wasteich was the mixture of feathers,
straw and lime, a decrease ©f perfringensquantity was observed by about 88% in
comparison to the quantity observed in the sludgefthe centrifuge. The application of
lime for the sterilization purposes could resulttive decreased pathogen development,
which is confirmed by numerous authors [21, 22].eTéame phenomenon was also
observed in relation tB. coli. However the ability o€. perfringengo form spores enabled
them to multiply when the thermophilic conditiortegped, which was observed in case of
the processed compost (425 cfug™ of fresh mass). According to Payment [23]
C. perfringens belongs to mesophilic microorganisms, extremelgistant to the
environment changes and especially to the chandeseroperature. Moreover, the
researches of Raju et al [24] reveal that the spof€. perfringensare able to survive in
the temperature of 100°C for over 90 minutes. ThpecHic properties of the species
enabled recultivation of the bacteria after theil&ation.
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Conclusions

1. The presence df. perfringensbacteria was observed in all the samples, whereas
E. colibacteria were only observed in raw feathers aadshidge from the centrifuge.
Their number depended on the stage of waste pliagess

2. E. coli bacteria were the most numerous in the processeerial, andC. perfringens
in the sludge from the centrifuge.

3. During the advancing composting process a sagmif decrease of the quantity of the
temperature sensitiveE. coli bacteria was observed. While the quantity of
C. perfringensbacteria was increased in individual stages oftevpsocessing and in
the compost.
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Zaktad Mikrobiologii i BiotechnologiSrodowiska
Zachodniopomorski Uniwersytet Technologiczny w &ztaie

Abstrakt: Intensywnie rozwijajca s¢ produkcja drobiarska wie sk z generowaniem dej ilosci odpadow.
Powstajce produkty uboczne podczas uboju pozostawioneamiestsurowym stajsic powanym zagraeniem
dla srodowiska naturalnego i zdrowia ludzi. Mpgtwarzé problemy odorotwércze oraz istotnie gne
zanieczyszczenie sanitarne. Celem przeprowadzobgdh byto okrelenie liczebnéci E. colii C. perfringens

w odpadach drobiarskich oraz kolejnych etapachk@hpostowania. Materiat badawczy stanowilvieze piéra
bezpdrednio po uboju, osad biologiczny z wiréwki, miesirea stomy, pierza i wapna oraz kompost przerohiony
Analizy mikrobiologiczne wykonano metgdtytkowa, wykorzystuac wybidrcze podiza zgodne z normami.
Liczebng¢ mikroorganizméw w badanych prébach zala od fazy przerobu odpadu i analizowanej grupy
drobnoustrojow. Obeciié bakteriiC. perfringensstwierdzono we wszystkich prébach, natomiast biakee coli
tylko w piérach surowych i osadzie z wirdwki, przgym najliczniej wysfpowaty w materiale nieprzetworzonym.
Odwrotrg tendengj zaobserwowano w przypadKi. perfringens ktére najliczniej zasiedlaly osad z wiréwki,
natomiast ich mniejgziczebna¢ stwierdzono w piérach surowych.

Stowa kluczowe:E. coli, C. perfringens odpady drobiarskie, kompostowanie
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COMPOSITE BASED ON FOAM LIME MORTAR
WITH FLAX FIBERS FOR USE IN THE BUILDING INDUSTRY

KOMPOZYT NA BAZIE SPIENIONEJ ZAPRAWY WAPIENNEJ
Z WLOKNAMI LNIANYMI DO ZASTOSOWANIA W BUDOWNICTWIE

Abstract: Building industry as an important branch of thereamy of each country consumes significant amounts
of energy and emits greenhouse gases into theoamvent (CQ). These negative effects which affect on the
environment have a contribution to make many of bsrictions recorded in the documents of susidéna
development in the construction industry. The nsighificant are: environmentally friendly buildimyoducts,
energy efficiency of buildings, organized managetm@nconstruction wastes including demolition migtist
These considerations lead to the exploration aitidtion of new construction materials and techgas, and in
the final stage for the implementation of low-ereend passive buildings. This paper presents theltseof
preliminary studies of new composite material basedoam lime mortar, packed with natural flax fibend
additives and admixtures. The paper presents tiisiqgimechanical characteristics of the composteefigth
parameters, absorption, coefficient of thermal cofigity, etc.) of different composition mix outputt is
expected that the composite will be applied in ithplementation of low-energy and passive buildisgparts
fulfilling the structural and insulation functiofthe proposed material solution from natural ingeat meets the
requirements of sustainable development in thetogei®n industry. Studies are carried out underass-border
grant from the Technical University in Brest ané thaterial as the original solution is submittedhte Polish
Patent Office.

Keywords: flax, organic fibers, lime binder, sustainable @epment

Introduction

Although ecological building is a relatively newgstomenon, it is growing rapidly in
the construction sector. For this reason, natera;friendly materials are still being sought
since they are recyclable and can also be usdeindnstruction industry as a construction
material. In addition, and at the same time fulfdl the function of thermal insulation in
accordance with the specifications of the heatsfiexrcoefficient [1, 2].

In France and the United Kingdom, a study was edrout on a composite consisting
of cut pieces of hemp stalks and lime binder [3, I4] Slovakia, in turn, a composite
containing hemp was tested, for thermal loads &ffea the mechanical properties [5-7].
In Brazil sisal fiber was added to concrete bld&{sLinen products (oil, straw) are widely
used in construction industry, for example in thanofacture of flaxboards, linoleum,
flax-seed oil [9].

The purpose of this article is to present a propfmaa composite material with
a natural composition with flax applied to the lbwildings, and to develop proposals of
technological solutions. The material was tested gbysico-mechanical and thermal
properties, test results and analysis are presémtée further part of the article.

! Faculty of Civil Engineering and Architecture, Limb University of Technology, ul. Nadbystrzycka 40,
20-618 Lublin, Poland, phone +48 81 538 44 28, Ekmaific@pollub.pl, p.brzyski@pollub.pl,
maciej.szelag@pollub.pl
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Own research and used materials

The laboratory tests included the execution of cositps based on lime binder
involving fiber and straw from flax. The materiatoperties were modified by adding
additives and admixtures. Processing flax (comagirdtraw and fiber inside) consisted of
cutting it into lengths of about 25 mm. The diamei€ flax straw was about 1-1.5 mm.
A flax fiber itself was also used which was slicedo three fractions, the length of
10, 15 and 20 mm. In order to reduce the absorpifostraw hydrophobization, natural
impregnation (flax-seed oil) was applied.

Furthermore, hydrated lime and in some cases, lnite the addition of Portland
cement CEM | 42,5R were used as a binder.

The aggregates used in small quantities includd action of 0-1 mm and powdered
limestone. In order to accelerate the binding ef ltme binder, a pozzolanic admixture in
the form of microsilica (Woerosil U-P) was applieml the mixture. Another admixtures
include sodium bicarbonate (NaHg)Qand citric acid (gHgO;). These compounds react
together in the presence of water, which resulthénemission of large amounts of carbon
dioxide that accelerates the carbonation of lime.

In order to improve the thermal properties of tmalf product, composites containing
foam, which was obtained by the mechanical mixiogniing agent with water, were also
made.

Table 1
The components included in the various composites
Water | Lime | Cement | Sand Lime Microsilica Flax I_:Iax Foam
powder straw fiber
K1 X X X - N X - ;
K2 X X - X - X X R
K3 X X X X - - X B X
K4 X X X X X X X X X

Four composites, differing in composition, were@xed (K1, K2, K3, K4) (Table 1).
In the composites K1 and K2, flax straw was impetgd by using flax-seed oil, while in
the others, flax components did not hydrophobirethe case of K3 and K4, cement was
used in the amount of 30 and 25% by volume of thee.l The quantity of pozzolanic
admixture was 5% by the weight of lime.

After mixing all components, samples were formed light, hand-held tamping
successive layers. After disassembling samplesthfdrated at air-dry conditions, tests on
physical-mechanical and thermal properties of KH &2 composites were held after
90 days of maturation, and of K3 and K4 after 2gsda

The basic physical and mechanical properties ofntla¢erial, such as bulk density,
tightness, porosity, water absorption and compvessirength, were examined. All the tests
were performed on cubic samples with the dimensidn10x10x10 cm. Thermal
conductivity coefficient was measured on the bagishermal parameters in Heat Flow
Meter (HFM) instrument, on samples having the disi@m of 25x25x5 cm. For each test,
an outcome was defined as the arithmetic meaneofhtee samples. In order to evaluate
the microstructure of the composite, a material wiasved by using a Scanning Electron
Microscope (SEM).
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Analysis of the results

Results of physical parameters are shown in TableB@k density values of
composites are in the range from 0.44 to 1.29 kg#ith the lowest values obtained by K3
and K4. This is caused by the presence of foamh@ mixture, whose application
minimizes the use of other ingredients.

Table 2
Examples of the physical properties of tested c@itg®
Property K1 K2 K3 K4
Bulk density [kg/dm] 1.29 1.05 0.5 0.44
Tightness [%)] 50.5 48.3 23.0 17.5
Porosity [%] 49.5 51.7 77.0 82.5
Mass absorption [%] 28.0 39.0 67.0 77.0

K3 and K4 composites obtained higher porosity afuatb0% in comparison with K1
and K2. The differences in these values are dtectdoam used in K3 and K4 which forms
a structure of closed pores filled with air.

Composites, as a result of relatively high porogitthe case of conventional building
materials (such as concrete, brick), and the poesesf straw and flax fibersshow
absorption of 35% for K1 and K2, and 70% for K3 aKd. It was found that the
hydrophobization of flax straw (K1 and K2) accetesthe process of lime binding in
relation to samples in which impregnation was mgtli@d (K3 and K4).

Strength tests showed that the compressive strecigdmged in the range from
0.45 to 0.65 MPa (Fig. 1).
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Fig. 1. The compressive strength of test samples

The analysis of the results allowed to observeréhationship of the strength of the
material and density. If composite K1 obtains thighést strength which is also
characterized by the highest bulk density, the tiyaof the sand is also the highest
compared with other composites. More importantig, lbwest strength and density reached
K4, in which foam was applied. A percentage diffex@in strength between K1 and K4 is
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about 30%. Composite K4 has approximately threeeginower bulk density than K1.
It was concluded that by adjusting the compositibrthe mixture, strength properties of
a composite can be increased, simultaneously titgimgduce the density of the material.
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Fig. 2. The thermal conductivity of composites

Measured values of coefficient of tested composites are shown in FgQ.
Composite K3 and K4, despite lower content of fiaed straw in the volume of material in
comparison with K1 and K2, showed higher thermalstance due to the large amount of
air voids that resulted from the application of foaThe A coefficient for K3 and K4
amounted respectively to 0.14 and 0.13 W/mK. CortgeK1 and K2, although having
the highest bulk density, the thermal conductivgyrelatively low (about 0.2 W/mK).
It was noted that the increase of the amount afistind flax fibers and the use of foam
result in lowering of the thermal conductivity chieient.

In Figures 3 and 4 the fiber and the structure oftar K3 composite were shown
respectively with the use of a SEM.

Fig. 3. Flax fiber
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On the basis of the material structure analysisai observed that there occurred very
good adhesion of flax fibers into the lime-cemerttnx, which was consequent upon the
rough surface of a fiber. In addition, in companiseith steel fibers used in conventional
structural reinforced concrete, flax fibers exhitigh plasticity. This property is beneficial
for the cohesion of material, which is due to betieatching” flax micro-reinforcement to
the discontinuity of the composite structure, apaged to steel fibers. Figure 4 shows the
porous nature of the material and the calcium aaat®crystals in surroundings of partially
hydrated cement grains.

Fig. 4. The structure of mortar with foaming comeon

Possible applications of composites

The target application of the composite is the troion of walls. The components in
the form of blocks, fill timber frame (Fig. 5) anmdonolithic wall (Fig. 6) are taken into
consideration. As described in the previous sectiba lowest obtained value of thermal
conductivity was 0.13 W/mK. Table 3 presents thbhi@a@ble U-values for a wall in
different configurations of insulation and compeshicknesses.

Thermal T Timber frame
insulation ™
(mineral wool)™E
‘/.
Flax—lime
Composite
Lime Plaster
\ Lime Plaster

Fig. 5. Frame construction filled with the flax-kntcomposite and insulated with mineral wool
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Thermal

insulation > | _>< ;s
(mineral wool}™ & P ‘
— ~ Flax=lime
At 7 S S y

~ Composite

Lime Plaster _Lime Plaster

A

Fig. 6. Monolithic wall made of the flax-lime comgite and insulated with mineral wool

Results 1-4 in Table 3 are related to the thernmegjuirements of the walls of
conventional buildings, where the U-valse0.3 W/nfK. Options 5-8 are intended for
a passive and low-energy construction, where thliired heat transfer coefficient is
0.15 W/nfK, while recommended amounts tol0.10 W/niK.

Table 3
Configurations of wall layers thickness and theegponding value ofJ” (alternative solutions)
Option a) Mineral wool b) Flax-lime composite U-value
2= 0.042 W/mK 2= 0.13 W/mK [W/m?K]
1 10 cm 20 cm 0.26
2 8cm 30cm 0.24
3 5cm 40 cm 0.23
4 - 45 cm 0.29
5 20cm 40 cm 0.13
6 20 cm 45 cm 0.12
7 25¢cm 40 cm 0.11
8 30 cm 40 cm 0.10
Conclusions

The pilot study demonstrated the applicability #xfof composites. This natural
ingredient can be the future of green building waRd. The binder is mostly a natural
product - which is lime. It is planned to reducadyally the amount of cement to the zero
level in the composite to increase the ecologiclme of the product. This material is
completely biodegradable and after demolition it b@ used again for building. Also the
foam-forming component is made of a blend of natugredients, harmless to humans and
the environment; in contrast to the aluminium pomaled the process of autoclaving in the
case of aerated concrete.

Studies continue to search for the most optimahfda which gives the best strength
and thermal results, according to the principles softainable development in the
construction industry. The pilot study is simultansly carried out, with the possible uses
of additives that significantly accelerate the ligdprocess of lime binder, which results in
a rapid increase of strength of the material.
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KOMPOZYT NA BAZIE SPIENIONEJ ZAPRAWY WAPIENNEJ
Z WLOKNAMI LNIANYMI DO ZASTOSOWANIA W BUDOWNICTWIE

Wydziat Budownictwa i Architektury, Politechnika balska

Abstrakt: Budownictwo jako wana ga4z gospodarki kadego kraju zaywa znaczce ilcsci energii i emituje do
otoczenia gazy cieplarniane (©OTe negatywne skutki wplywgge nasrodowisko byly przyczynkiem do
wprowadzenia wielu ogranicgezapisanych w dokumentach zréwndgweaego rozwoju w budownictwie. Do
najwaniejszych mana zaliczy: wyroby budowlane przyjazn@odowisku, efektywn& energetyczna obiektéw
budowlanych, zorganizowane zadlzanie odpadami budowlanymi, w tym rozbiérkowymiowRzsze
uwarunkowania prowadz do poszukiwania i wprowadzania nowych romeh materialowych

i technologicznych, a w kmowym etapie do realizacji budynkéw niskoenergetych i pasywnych. W artykule
przedstawiono wyniki badapilotazowych nowego materiatu kompozytowego opracowanegbazie spienionej
zaprawy wapiennej, z wypetnieniem naturalnych wdokilnianych oraz z dodatkami i domieszkami.
W opracowaniu przedstawiono cechy fizykomechanidamapozytu (wytrzymak, nasikliwos¢, wspoétczynnik
przewodzenia ciepfa itd.) o ndym skiadzie mieszanki wigiowej. Przewiduje si ze kompozyt bdzie miat
zastosowanie przy realizacji budynkéw niskoenergetych i pasywnych jako elementy spelgigj funkcg
konstrukcyjm i izolacyjms. Zaproponowane rozezanie materialowe z naturalnych sktadnikéw spelmyanogi
zrbwnowaonego rozwoju w budownictwie. Badania realizowange v& ramach grantu transgranicznego
z Uniwersytetem Technicznym w Bgpdu, a material jako oryginalne rozwanie zgloszono do Ugdu
Patentowego RP.

Stowa kluczowe:len, wibkna organiczne, spoiwo wapienne, zréwnmmg rozwoj
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ANALYSIS OF PHYSICAL AND MECHANICAL PROPERTIES
OF LIGHTWEIGHT AGGREGATE MODIFIED
WITH SEWAGE SLUDGE

ANALIZA FIZYCZNO-MECHANICZNYCH WEA  SCIWO SCI KERAMZYTU
MODYFIKOWANEGO OSADAMI SCIEKOWYMI

Abstract: In recent years an increasing activity of sewdgége management strategy is observed. This isaue
EU legislation in the field of environmental prdiea, which constrains depositing this kind of veastewage
sludge is an organic-mineral material separatethduhe wastewater treatment. Because of physiatharécal
properties of the sewage sludge and the threaintpose to human health and the environment, itthdse
carefully processed before it is ultimately disgbs¥. In practice, there exist two directions ofatment of
sewage sludge: natural management, which is cougyestrict legislation, and combustion, which hastain
advantages and disadvantages. Due to the abovésmamhtlegislation and EU standards in the field of
environment protection, the sewage sludge managemasrbecome a major economical, ecological arfthteal
problem. Thus, it is necessary to search for nethous of its utilization, independent of the presssiutions.
One of the method of utilization of the sewage gtuis production of the lightweight aggregate asnvalling
agent, which creates the porous structure of themtde material during sintering. This paper preséhé study of
the basic physical and mechanical properties titwigight aggregate derived from sewage sludge &yd The
aggregate was obtain in the forming method ancesing in 1150°C. Evaluation of physical propertigas
conducted on the basis of parameters such as ispdeifisity, bulk and volumetric density, porosityater
absorption. Mechanical properties of the aggregaite determined on the basis of resistance to ergshbrasion
in the Los Angeles drum, and frost resistance. k\gg the removal of heavy metals from the extraxts
aggregates was determined. The obtained results get the lightweight aggregate with addition efvage
sludge meets the basic requirements for matersad in construction.

Keywords: sewage sludge, LECA, physical and mechanical ptiegeof lightweight aggregate

Introduction

Sewage sludge is organic and mineral matter extlafcom sewage in the course of its
treatment. Due to its physical-chemical propertind a threat that it may pose to human
health and the environment it must be subjectedpioropriate processing by means of
which it is finally disposed of. Pursuant to thegRktion of the Minister of Environment of
27 September 2001 on waste (Journal of Laws No, 12@6 of 8.10.2001), sewage sludge
belongs to a group of 19 as waste from installatismd equipment used for management of
waste from sewage treatment plants, drinking watatment and water for industrial
purposes. EU legal regulations on environmentategtmn limit the possibility to store
sewage. Ever-increasing quality requirements liitst use in agriculture. Admissible
amounts of chemicals that sewage sludge may coraagrstrictly defined by the standards
such asg Directive on Urban Waste Water Treatment 91/27UHEH and its amendment
- Directive 98/15/EC, "Sewage Sludge Directive"6/&8/EEC [2], the directive which
limits the use of sewage sludge in agriculture /692/EEC, Directive on waste -

L Civil Engineering and Architecture Faculty, Lublibniversity of Technology, ul. Nadbystrzycka 40,
20-618 Lublin, Poland, email: m.franus@pollub.pl
" Contribution was presented during ECOpole’13 Canfee, Jarnoltowek, 23-26.10.2013
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2008/98/EC). The most significant consequence ottar Directive on waste disposal -
99/31/EC [3] and the Minister of Economy and Labd@ira ban on storage of sewage
sludge the combustion heat of which exceeds 6 Mdlkg which has been introduced
since f' January 2013. This parameter effectively limite ttorage of raw sludge on the
site other than a hazardous waste landfill. In ficac there are two ways of the final
disposal of sewage sludge: natural developmentctwlig subject to more and more
rigorous law regulations and thermal utilizatiomeOof the advantages of this method is
a significant reduction in the volume of depositeraburning, no time limits in utilization
and energy recycling. These technologies, howdware some drawbacks. These processes
are complex and costly, and in the case of co-@raition of sludge with fuel may produce
some problems in meeting the standards for flueegaissions and technical conditions
required for conducting the process correctly. Bu¢he above-mentioned legislation and
standardization requirements of the EU in the fieldenvironmental protection, sewage
sludge management has become a major economicoemental and technical concern.

There has been an increased activity observed wetfard to sewage sludge
management strategy over the last few years. Orleeomethods of using sewage sludge
may be applying it in manufacture of lightweighjeggate [4-11].

Lightweight aggregate used in production of lightyle concrete is generally porous
material, the water absorption of which is usudiigher than that of normal aggregate,
which has an effect on the microstructure of haedertement paste and the interfacial zone.
The interfacial zone has been considered the weakeg in composite concrete in terms
of mechanical strength and permeability to fluiti2][

Materials and test methods

Testing material for production of lightweight aggate was sewage sludge taken
from the municipal sewage treatment plant "Hajdaw"Lublin and clay from "Budy
Mszczonowskie" bed. Sewage sludge was subjectezbte in order to determine chemical
parameters. Sewage sludge samples were taken fi@teinporary storage site, and then
dried to a constant weight at 110°C. Dried sludges wground and then added to clay
(90% by weight) in the amount of 10% by weight. Tgrecess of making the substance
homogeneous consisted in mixing components withcttireesponding portion of water
until a plastic consistency has been achieved. Tthenformed balls of 16 mm coarse
fraction were dried to a state of air-dry and kept laboratory oven at 110°C for 2 h.
Dried samples were placed in a chamber furnacefised at 1150°C for 30 minutes.
Aggregate obtained as a result thereof was testedrder to determine physical and
mechanical characteristics according to the statsdd3-18].

One used the micro scanning electron microscopeMjSE FEG Quanta 200 to
determine the form and morphology of major mineraitd chemical composition in
microprobe. It also allows for performing the arsddyof chemical composition based on
energy dispersive of X-ray (EDS by EDAX companyan®les for SEM tests were glued
onto the carbon holder by means of carbon gluepdPations were then sprayed in the
vacuum coater with a carbon layer the thicknesstoth was about 50 nm.

X-ray phase analysis was carried out using X-rdfragition powder method using
X-ray diffractometer Philips X'Pert APD (Fig. 1) tiwi a goniometer PW 3020 and
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a Cu lamp and a graphite monochromator. The scopeh® analysis included
5-65 D angles. Treatment of the results was performe@hilips X'Pert software and
ClayLab program ver. 1.0. Mineral phase identifmatwvas based on PCPDFWIN database
ver. 1.30 formalized by JCPDS - ICDD.

Leachability of hazardous substances such as cadnsiromium, copper, nickel, lead
and zinc was determined on the basis of the stdnd&], and concentrations of heavy
metals by means of AAS method using a spectrophetiemm

Test results
Results of sewage sludge tests

Test results of sewage sludge from the sewagentegdtplant “Hajdow” in Lublin
indicate that moisture content of sludge is 80.43¥kalinity - 750 mg CaCegdnr,
pH - 7.68, LKT - 92 mg/drh ChZT - 136423 mg @dn?, dry mass - 19.57%, loss on
ignition - 60.65%, the residue on ignition - 39.358&nsity - 0.795 g/cin Test results of
the presence of heavy metals in sewage sludge shsignificant presence of zinc ions
(1175 mg/kg d.m.) and copper ions (442 mg/kg d.@Hhtomium ions are present in an
amount of 74 mg/kg d.m., nickel - 42 mg/kg d.made- 25 mg/kg d.m., cadmium
- 8 mg/kg d.m.

X-ray phase analysis

X-ray diffraction photograph of sample phase contmos (clay and lightweight
aggregate from clay + sewage sludge) shows anguokitions and intensity of diffraction
reflections (Figs. 1 and 2). Main mineral composenitclay from “Budy Mszczonowskie”
bed are clay minerals represented by illite, kaiajrbeidelite, which are accompanied by
quartz in minor amounts. Crystalline phases wesntifled based on basic interplanar
quantities d, which amounted to particular mineassfollows: for beidelite - 4.49 A, for
illite - 10.01 A; for koalinite - 7.14 A and quart2.44; 4.26 A.

|
Q

Q- quartz

B - beidelite

K - kaolinite
| 1 - illite

B |

Q K
QQ7qgq © 9 g

5 10 15 20 25 30 35 40 45 50 55 60 65
[°2Theta] (Cu)

Fig. 1. X-ray diffraction photograph of clay fromdgtzonow
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It was found that in ceramic aggregate after firatg1150°C there is mainly high
temperature-type of quartz which is accompaniednbiylite. As a result of heat treatment
of sewage sludge there were also crystalline phasdsematite and graphite formed.
Particular crystalline phases were identified tigtounterplanar spacing: for quartz -
3.35 A; 4.26 A, for mullite - 5.40 A, 3.40 A, foematite - 2.69 A.

Q M - mullite
| Q - quartz
H - hematite
M
Q M o
M MH

Q
Qoo 9 9 qo

5 10 15 20 25 30 35 40 45 50 55 60 65
[°2Theta] (Cu)

Fig. 2. X-ray diffraction photograph of mineral cpasition of lightweight aggregate fired at 1150°C

Scanning electron microscop$EM

Lightweight aggregate is of porous structure argiblé pores of spherical shape that
are prevailing in the fired material are shown aguFes 3 and 4. The pore size varies and
ranges from 2um to over 50Qum up to a fewum. Lightweight aggregate is characterized
by compact and highly porous structure. Distributid the pores is quite irregular.

WD HV HFW — L L1 Re— WD HV Hi
0 mm 10.00 kV 2.13 mm x 11.0 mm 10.00 kV

Fig. 3. Porous structure of lightweight aggregatedf Fig. 4. Porous structure of lightweight aggregatedf
at 1150°C, SEM above 140x at 1150°C, SEM above 8000x
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Spectrum analysis of chemical composition of ligkityht aggregate in a microprobe,
fired at 1150°C (Figs. 5 and 6) indicates that pmaithant components are silicon,
aluminum, iron. They are accompanied by potassigaicium, magnesium. Chemical
composition is as follows: SO 53.6%; FgOs - 9.33%; ALO; - 26.98%; KO - 5.58%;
MgO - 2.15%; CaO - 2.36%.

Al

Ca
K
Fe Mg l Ga
K Fe
" I " L "

Fig. 5. Spectrum of chemical composition Fig.Rorous structure of lightweight aggregate
fired at 1150°C, SEM above 8000x

Assessment of physical and mechanical propertiighafveight aggregate

Based on the results of the two samples taken aratitnmetic mean of their values,
density was 2.59 g/cinThis is a typical value for this type of aggregaipparent density
of lightweight aggregate subjected to tests wasl®.§/cni, and bulk density was
0.414 g/cm. This value is close to the lower limit for bulkmsity of lightweight aggregate.

Absorptivity determined on the basis of the aritimaverage was 16.2%. Water
wetted wall surfaces of lightweight aggregate whhels been fired mainly on its surface, it
did not go into the inside of the closed poreseAftemoving the material from water it
regained its dry state fairly quickly. Comparedthe acceptable limit for lightweight
aggregate (< 37%) it is much lower. The porositygfregate subjected to test was 40%.
The value of this parameter for the types of lighityht aggregate which are commonly
manufactured at the market ranges from 20 to 50%s Walue provides adequate
absorptivity, high diffusivity of water vapour aselivas thermal and acoustic insulation.
The temperature of firing the aggregate plays apoiant role as far as the number of
pores and their sizes are concerned. Void contewbids between grains is at the level of
52% due to the grain size of only (16 mm). The lteslotained indicates that aggregate can
be used in thermal insulation of roofs.

Frost-resistance of aggregate does not exceed h&aggregate grain did not show
any occurrence of cracks after the test. The agdgeg characterized by high porosity and
large pore sizes. Water penetrating the grain gigtizas not filled in the whole surface of
pores therefore it did not cause any damage toeggtg after freezing. Abrasion value
obtained for the tested aggregate represents a hidavourable level. Such a large mass
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loss proves a very low resistance of aggregatatayéction of abrasive nature. Aggregate
subjected to tests can be classified as LA80 asudel; therefore it cannot be used in road
construction. Leachability measurements of chromiocadmium, copper, nickel, lead and
zinc in water extracts showed that the preseneeetéls is much smaller than it is tolerable
(Table 1).

Table 1
Leaching of heavy metals from water extracts
Element Concentration in Values admissible for
extracts [mg/dn7] aggregate [mg/dni]

Cu(ll) 0.015 <0.5
Zn(ll) 0.011 <20
cd(ln 0.001 <0.02
Cr(I 0.001 <0.5
Ni(l1) 0.036 <0.5
Pb(ll) 0.001 <0.5

This means that you can use the tested aggregditdlyascological building material
of full value.

Conclusions

One obtained aggregate having good physical priegerbf apparent density of
0.812 g/crmi and bulk density of 0.415 g/émrabsorptivity of 16.2%, porosity of 40%, void
content of 52%, no coloring compounds. These resallow the use of lightweight
aggregate modified with municipal sewage sludgepfmduction of lightweight concrete.
Appropriate porosity and void content also enableuse thereof to produce insulating
concrete, and due to the lower water absorptivitg &ost resistance compared to the
standard lightweight aggregate, it should also bialsle as aggregate for concrete in
moisture conditions. Considering many of the adsges, the lightweight aggregate
obtained should be used in energy-saving buildimgjreeering, inter alia, in production of
lightweight concrete, wall blocks, or as insulatfonfloors, ceilings.

The studies undertaken through developing the qngklightweight energy-saving
aggregate production from raw materials obtainethfsewage sludge taken from sewage
treatment plant aims at raising awareness of ergagiyng and environmental protection, as
well as implementation of environment-friendly tactogies in construction engineering.
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ANALIZA FIZYCZNO-MECHANICZNYCH WA  SCIWO SCI KERAMZYTU
MODYFIKOWANEGO OSADAMI SCIEKOWYMI

Wydziat Budownictwa i Architektury, Politechnika balska

Abstrakt: W ostatnich latach obserwuje ¢swzmazona aktywndé¢ strategii zagospodarowania osadow
sciekowych. Wynika to z przepiséw prawnych UE w zake ochronyrodowiska, ktére ograniczamazliwosci

ich sktadowania. Osadyciekowe g§ organiczno-mineraln matery wyodrbnioms ze $ciekéw w trakcie ich
oczyszczania. Z uwagi na swoje wdavosci fizykochemiczne oraz zagrenie, jakie mog stwarzé dla zdrowia
ludzi i srodowiska naturalnego, musby¢ poddawane odpowiedniej przerébce, za panidérej g ostatecznie
unieszkodliwiane. W praktyce istniejdwa kierunki unieszkodliwiania osadod¥ciekowych: przyrodnicze
zagospodarowanie, ktore otg jest coraz wkszym rygorem przepiséw prawnych, termiczna utgliaaktora ma
zaréwno zalety, jak i wady. Ze wzglu na wymienione powgj prawodawstwo oraz standaryzasjiymaga UE

w dziedzinie ochronysrodowiska zagospodarowanie osadoyciekowych stalo si istotnym problemem
ekonomicznym, ekologicznym oraz technicznym. Wzmagakonieczné¢é poszukiwania nowych, obok Fu
istniejgcych rozwyzan, kierunkéw ich unieszkodliwiania. Jegdm metod wykorzystania osad@aiekowych mae
by¢ zastosowanie ich do wytwarzania kruszywa lekkiggo dodatku sgczniapcego, ktéry w warunkach
wypalania prowadzi do utworzenia silnie porowatdjstury spieku ceramicznego. Artykut przedstawieanéa
podstawowych cech fizycznych oraz mechanicznychsywa lekkiego otrzymanego z osaddeiekowych

i gliny. Kruszywo uzyskano metadplastyczm przez wypalenie w temperaturze 1150°C. Ocenysaihasci
fizycznych dokonano na podstawie takich parametjal,gestas¢ whasciwa, g:stas¢ objetosciowa i nasypowa,
porowatd¢, nasikliwos¢. Cechy mechaniczne kruszywa cftoeo na podstawie wytrzymaioi na miadzenie,
scieralnégei w bebnie Los Angeles, mrozoodporoa Dodatkowo okrdono wymywanie metali eikich

w wyciagach z kruszyw. Badane wtawosci wskazug, ze otrzymane kruszywo keramzytowe z dodatkiem osadu
sciekowego spetnia podstawowe wymagania stawianeriaiim stosowanym w budownictwie.

Stowa kluczowe:osadysciekowe, keramzyt, cechy fizyczne i mechanicznekyw lekkich
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CHEMICAL COMPOSITION OF THE COMMERCE MINERAL
WATERS VERSUS TAP WATER IN THE CITY OF KIELCE

POROWNANIE SKLADU CHEMICZNEGO DOST EPNYCH W HANDLU
WYBRANYCH WOD MINERALNYCH ZE SKLADEM WODY
WODOCIAGOWEJ MIASTA KIELCE

Abstract: Comparative analysis of the chemical compositiothef commerce mineral and spring waters to tap
water in the district city of Kielce has been presd in this paper. The research has been dong trenlatest
analytical equipment which was stocked with ionochatograph 883 Basic IC plus and spectrometer @ptim
8000. The PHREEQC 2.17 program has been used én tretalculate the ion balances &iindex.

Keywords: mineral water, tap water, ion balan&¢jindex

Introduction

Recent observations show decrease in consumptiotapfwater and increase in
consumption of the commerce mineral and spring wéata obtained from the Nielsen
agency show that over two billion litters of thenmial water (about 52 litters/person)
worth over 2.2 billion PLN had been sold in Polam@008 [1].

So, in this paper we decided to answer the questithrat do we drink?

In order to realise such a task ion compositionghefcommerce mineral and spring
water, described by the producers on the labelatfids, have been compared to these
being the result of our investigation obtained gsiime latest analytical equipment.
Additionally, the ion composition of tap water ihet district city of Kielce has been
determined.

The research has been done using the latest anadlgtjuipment which among other
things was stocked both with the ion chromatogr88B8 Basic IC plus, produced by
Metrohm company and the spectrometer Optima 80@#, excitation in plasma induced,
produced by Perkin Elmer.

lon composition of the analysed water

Three kinds of mineral water have been analysethi® paper. Low mineralized
waters, such as: Kropla Beskidu, Zywiec Zdroj arabidwianka, with salts concentration
ranged from 50 to 500 mg/dnmmedium mineralized waters with salts concentratanged
from 500 to 1000 mg/di such as: Naleczowianka, Nestle Aquarel and Cisoké and
highly mineralized waters with salts concentratianger than 1500 mg/dimsuch as:
Staropolanka 2000, Muszynianka and Piwniczanka.

! Department of Process Engineering, University @ol®, ul. R. Dmowskiego 7/9, 45-365 Opole, Poland,
phone +48 77 401 67 00, email: kip@uni.opole.pl

2 Division of Waste Management, Faculty of Enviromtaé, Geomatic and Energy Engineering, Kielce Ursig

of Technology, al. 1000-lecia Rstwa Polskiego 7, 25-314 Kielce, Poland, phone &0® 467 964,
email: jgawdzik@tu.kielce.pl

" Contribution was presented during ECOpole’14 Canfee, Jarnoltowek, 15-17.10.2014
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The comparison of the results obtained in our itigaton to the results declared by
the producers of mineral waters is given in Tahl@He last row of Table 1 contains the
results obtained for tap water in the city of Kelc

Table 1
Comparison of the ion concentration values declasethe producers (P) to these obtained in ourstigation (J)
lon concentration [mg/dnT]
Kind of mineral water K Na Mg Ca CI-

P J P J P J P J P J
Zywiec Zdroj 0 | 2.252| 9.6512.506| 5.62 | 6.485| 41.6941.514| 0 | 4.416
Kropla Beskidu 1| 1247 11[122.092|17.01| 18.992| 44.09| 45.922| 3.19| 2.425
Dobrowianka 0 1.177| 2 2.926 33.421.338| 58.12| 63.244| 0 3.21
Naleczowianka 25 4969 10 16.1p420 | 22.645 114.2| 127.39| 12.6| 5.771
Nestle Aquarel 2.1 5.63 14 18.4p%23.7 | 23.054 111.2| 128.14] O 4.817
Cisowianka 25| 4242 11 14.7981.9 | 25.362 130.3| 141.04| 2.5 15
Piwniczanka 13| 9.971 138 116/6 8y 82.[79 180 213.6 01.28
Muszynianka 9 8.511 9§ 134.11120 | 132.24 240 | 213.87] 10 8.18

Staropolanka 52.846.249| 128 | 145.66 59.8| 55.6 | 309| 3357 29 7.844
Tap water 1.2| 1.738f 10 | 15.883] 8.53 | 9.241| 90.1986.275| 27.9| 21.943

The percent deviation of ion concentration valuedared by the producers from these
obtained in our investigation, larger than 20%specified in Table 2.

Table 2
Deviation of the ion concentration values decldrgdhe producers larger than 20%
from these obtained in our investigation
. lon component
Sort of mineral water " Na Mg & cr
Zywiec Zdroj 100.00 22.84 - - 100.00
Kropla Beskidu 20.00 49.76 - - 31.55
Dobrowianka 100.00 31.65 - - 100.00
Tap water 30.98 37.04 - - 27.15
Naleczowianka 49.69 38.13 - - 118.33
Nestle Aquarel 62.72 24.14 - - 100.00
Cisowianka 41.07 25.67 - - 66.66
Piwniczanka 30.38 - - - 100.00
Muszynianka - 26.93 - - 22.25
Staropolanka 30.98 - - - 63.00

lon balance errors

lon balance errors have been determined for alerainand spring waters taking into
account in our investigation including additionaliyp water in the city of Kielce.

The Excel and PHREEQC 2.17 programs have been umsezhlculation above.
Considering the fact that such ions as: HGSQ, CI', Na', K*, C&£* and Md" constitute
more than 90% and sometimes even 99% solublesinnterground waters only the ions
mentioned above have been taken into account trothte ion balance [2, 4, 5].

According to the standard PN 89/C-04638/02 the [smilyle error of the ion balance
is 5-10% if the sum of ions concentration in waterges from 3 to 5 mval/diWhen such
a sum ranges from 5 to 15 mvalfithe acceptable error of the ion balance is 2-5% an



Chemical composition of the commerce mineral veatersus tap water in the city of Kielce 43

finally for the ions sum larger than 15 mval/titne error of this balance should be less than
2% [3]. The above standard is very restricted dmedefore in the paper [4, 6] it has been
proposed that the determination of the ion comjorsin water is correct if the error of the
ion balance is not larger than 10%.

Values of the ion balance errors obtained fromdhta given by the producers are
presented in Figure 1. The ion balance errors vedefrom the data obtained for the
corresponding waters in our investigation are showfigure 2.
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Figure 1 shows that the values of the ion balamee® obtained from the data placed
on the labels of bottles, are less than 2% excéptwo waters: Zywiec Zdroj and
Dobrowianka for these the ion balance error isdathan 10%. Such a high value of these
errors is caused by the absence on the labelseobaltles concentrations of potassium,
chlorine and sulfate ions.

The ion balance errors calculated from the datainétl in our investigation differ
much more from these presented in Figure 1. Thereabove 8% were obtained for tap
water in the city of Kielce and for the mineral @emaropla Beskidu. The lowest results,
a little below 3%, were received for the minerakeva like Muszynianka and Staropolanka
2000. The balance errors obtained for the otheensatnged from 5 to 7%.

A discerning analysis of the data placed on thellalh the bottles by the producers
shows the tendency to keep the ion balance ersdesv?%. Of course, it might be caused
by a very high accuracy of measurement of the ammgentration ordered by the producers
but more probable it may be the attempt of suchettiog) of the ions composition of the
mineral waters to fulfil the standard PN 89/C-04/623

Stability index (SI) of minerals in mineral water

Basing on the results of our investigation and gisire program PHREEQC 2.17 one
have determined th®l index for all waters being under consideratiormnirithe theoretical
point of view if for a given mineral its inde&l < 0 then this mineral will dissolve in water,
for SI > 0 the mineral will precipitate from water anadily if the SI = 0 the state of
equilibrium between water and mineral is achievid.practice however, due to the
analytical errors, the state of equilibrium minenater is determined by the system of
inequalities —0.5¢ SI< 0.5, so solubility and precipitation of the mineren/from water are
described by the following inequalities:

SI< -0.5 and5I > 0, respectively

Values of the inde$|, obtained for the low mineralized waters and & water in the
city of Kielce are presented in Table 3.

Table 3

Values of the inde$lI for the low mineralized waters

Kind of low mineralized water
Mineral Kropla Beskidu Dobrowianka Zywiec Zdroj v;re?tzr
Anhydrite -2.73 —2.56 -2.67 -2.13
Aragonite —0.44 0.10 —0.28 —0.03
Calcite -0.29 0.25 -0.13 0.12
Dolomite -0.70 0.00 -0.18 —0.45
Gypsum —2.50 -2.32 —2.44 -1.90
Halite —7.50 —7.58 —7.60 -8.02

The data given in Table 3 show that all low mingead water and tap water in the city
of Kielce are stable with respect to aragonite ealtite. All these waters show a slight
tendency to dissolve anhydrite and gypsum and la &ligity to dissolve halite.

Values of the indexSl obtained for the medium mineralized waters areemiv
in Table 4.
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Table 4
Values of the inde$l for the medium mineralized water
Mineral _ Kind of medium mineralized water _ _
Naleczowianka Nestle Aquarel Cisowianka

Anhydrite —2.86 -3.03 -3.58
Aragonite 0.08 0.50 0.26

Calcite 0.23 0.64 0.40
Dolomite 0.00 0.83 0.35
Gypsum —2.68 —2.80 -3.34

Halite -8.61 —8.63 -9.24

The data given in Table 4 show that all medium maleed waters are stable with
respect to aragonite. The high tendency to dissbblge and slightly lower to dissolve
gypsum and anhydrite characterise all these wa&tedility with respect to calcite and
dolomite shows Cisowianka but Nestle Aquarel shawle tendency to precipitates these
minerals from water. Values of the indSkobtained for the highly mineralized waters are
shown in Table 5.

Table 5
Values of the inde$l for the highly mineralized waters

Mineral Kind of highly mineralized waters
Piwniczanka Staropolanka Muszynianka
Anhydrite -2.73 —2.56 -2.67
Aragonite -0.44 0.10 -0.28
Calcite -0.29 0.25 -0.13
Dolomite -0.70 0.00 -0.18
Gypsum —2.50 -2.32 —2.44
Halite -7.50 —7.58 —7.60

The data given in Table 5 show that all highly malieed waters are stable with
respect to aragonite and calcite. A tendency teotlfe anhydrite, gypsum and halite show
all these waters. The mineral water Muszynianlsiable with respect to dolomite.

Conclusions

Tap water in the city of Kielce characterises watlshortage of magnesium, calcium
and acid carbonates ions. So, it cannot be usedsapplier of these elements to the water
consumers. However such mineral waters like Musakd, Piwniczanka and
Staropolanka 2000 may be used in this purpose. fimeral water Staropolanka 2000
characterises with the largest concentration af aarbonates and calcium ions among the
highly mineralized waters being considered in omwvebtigation and may be treated
as a supplier of these ions.
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POROWNANIE SKtADU CHEMICZNEGO DOST EPNYCH
W HANDLU WYBRANYCH WOD MINERALNYCH
ZE SKLADEM WODY WODOCI AGOWEJ MIASTA KIELCE

ISaquzieIna Katedragnierii Procesowej, Uniwersytet Opolski
2Wydziat Inzynierii Srodowiska, Geomatyki i Energetyki, Politechniiaictokrzyska, Kielce

Abstrakt: W pracy poréwnano sktad chemiczny @pstych w handlu wybranych wod mineralnych z wod
wodocigowg miasta Kielce. Badaniami a9 wody mineralne niskomineralizowane: Kremeskidu,Zywiec
Zdréj i Dobrowiank; sredniomineralizowane: Nedzowiank, Nestle Aquarel i Cisowiagk oraz
wysokomineralizowane: StaropolanR000, Muszynianki Piwniczank. Oznaczenia wykonano, postuggijsi
najnowoczéniejszym spregtem analitycznym, tj. chromatografem jonowym 883%iBdC plus firmy Metrohm
oraz spektrometrem emisyjnym ze wzbudzeniem, wkodanej plamie, Optima 8000 firmy Perkin Elmer.
Bilanse jonowe oraz waré indekséw stabilnii uzyskano, wykorzystag programy Exel oraz PHREEQC 2.17.

Stowa kluczowe:woda mineralna, woda wodagowa, bilans jonowy, indeks stabilwo S|
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PROCESSES OF SPREADING GAS POLLUTION
ON HILLY FIELDS

PROCESY ROZPRZESTRZENIANIA SI E ZANIECZYSZCZE N GAZOWYCH
NA OBSZARACH PAGORKOWATYCH

Abstract: A conditioning rank exists for the emission ofarful substance, which overlaps in vicinity of iealr
ground-based objects. Consequently, part of thegss of spreading pollution is determined by tlosvithg
conditions and is shaped by their presence andudison. However, under real conditions, complesgstems of
terrain obstacles exist. A subject of interest agnomany authors is the flow and dispersion of pathis
surrounding single elements such as a hill or &limg. This type of research enables a better staleding of the
flow and propagation of pollutants on terrain witbmplex topography. The aim of the present workhis
investigation of the influence of the complex cleéea of a velocity field, particularly its period@omposition
(non-stationary blowing) as well as rotating stmes generated by obstacles such as hills on tygagation of
various types of gaseous pollutants. The base afysis represents the evolution of the carbon dexi
concentration in profiles surrounding hills or difnt locations in relation as well to the heightte source
emission. By propagating a gaseous tracer in agothedium from a source located in a flush zonsource’s
location relative to circulation zones of increatmal turbulent fluctuations of flow velocity cde determined.

Keywords: experimental and numerical modeling, pollutanspédision, gaseous pollutions, hilly field

Introduction

In many cases, the emission of harmful substaradestplace in a neighborhood with
various ground-based objects. As a consequencertaop the dispersion process of
pollution takes place in flow conditions formed Wheir presence and position.
However, in complex systems and exist due to tercainditions, a subject discussed by
many authors is flow and pollution dispersion ofadinelements in a surrounding (hill,
building) [1]. Such researchers are the first stepbetter understanding the flow and
dispersion on terrain consisting of complex toppyras. The tests of structured wind flow
in mundane zones, which are comprised complex t@pbies, contribute series of
information relevant for the most recent aerodymanproblems. Among other things, they
relate to the dispersion of pollution, fire proptg@a, wind erosion and locatondition
researches which favor wind energetic. The laseihementioned aspect forms the
particular motive for wind flow analysis in the ling medium. Flow features around single
hills have both an influence conditions as inlehditons and medium geometry. The
collection of the mentioned factors can cause lffgrénces in the kinematics within the
jet stream which in general case sets detachmemtgphenon, recirculation and adherence.
The problem of wind flow over rolling media was éskin a series of work which involved
both researches led in natural all-terrain condjtiexperimental modeling, and also
numerical simulations. Most quoted work belong tck$on and Hunt [2], presents
analytical solutions for the genial hill shape, muital Peterson models [3], Lenelin and

!Institute of Thermal Machinery, Czestochowa Ursitgr of Technology, al. Armii Krajowej 21,
42-201 Cgstochowa, Poland, phone +48 34 325 05 34, emaitogrska@imc.pcz.czest.pl
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others [2] and experimental results of Ferreiraldtl] and Kim et al [5, 6]. The focus of
this research was mainly focused on deformatioffilpsoof wind velocity flow according
to apparition of symmetrical hills a low inclinatiq7, 8]. Geometry of media which was
taken in most analyses does not appear to leadatogsdetachment and recirculation zone.
This constrains compliance of offered calculatioptmods [4] and experimental model
consistency with a real wind field along the hHractical value of results of research
denigrates the lack of information about generatremts in nature, unfavorable
aerodynamic modeled flow features. Detachment ardiraulation cause strong
fluctuations in velocity zones and change flow wididections. Demodulation of these
zones has an important meaning in wind engineering.

The testing bench

Scheme of measuring instrument is shown in Figuih# role of tap gas source, from
the scoring source (pipe) from pointing souveas played by carbon dioxide with a flow
outlet velocity equal in approximation of undistedbflow velocity, above layer zone.

To measure the concentration of L@nalyser Guardian plus was used. Analysed
model of the hill was installed on a medium aeradyit tunnel in the Aerodynamic
Laboratory of Czestochowa University of Technologgon which the layer zone of
thicknesso = 0.1 m was generated, and profile velocity shgpéal for an open ground
with poor vegetation.

The velocity of the boundary of the layer zone anted toU,= 13 m/s. The shape of
tested hill model is described by the relationship:

et )

where:H = 60 mm,W= 100 mm (Fig. 1). Measurements were conductethfee different
locations X = %, z = h) and their emissions (Fig. 1), namely: (pdF —W, hg = 1H;
(p2)%s= 0, hs= 1H; (p3)xs=-W, hs= 0.
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Fig. 1. Scheme of measuring testing bench with rremliresearched object with marked location of eonis€Q,
source
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The measuring probe was mounted on a moveable suppdich enables
establishment of vertical concentration Q@ofiles for chosen stream = const set in
localizationsx = 0; 0.6V, W; 2W; 3W; 4W. All measurements were done in a tunnel axis.

Work results

The aerodynamic outline of the researched objedtiwknabled the detection of
surrounding characteristic zones with strong difiexs features, namely the area of
increased velocity flow above the top of the hilbaecirculation region of flow behind the
hill (Fig. 2).
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Fig. 2. View of evolution the average velocity pil@tomponent in flow around hill (scale: 0-1 faoh profile)

The evolution of the concentration profile of camtdioxide in a hilly environment for
different locations and height source emissionshiswn on Figure 3. As shown in the
aforementioned diagram, courses differ on a pdaicdrawing both qualitatively and
quantitatively, but generally speaking, the preseoicthe terrain obstacle, which modifies
the shape of emitted in environment trail of padlat in a relevant way could be
ascertained.

This abides to features of velocity fields connddte an aerodynamic object in a fluid
stream, but in a particularly closed environmentvirich recirculation zones arise from the
zone of increased turbulence zone behind theFuoll.the dispersion process of substances
emitted from the source responsible are both maffesidn mechanism, caused by
concentration gradients and advection, transpqurtdidtion in a flow direction with help of
average air flow and a turbulent transport pro@esehich their own part has own turbulent
velocity fluctuations. The maximum concentratioues of carbon dioxide on the plume
axis in every considered case varies.
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As the maximal values of distributions show quéii similarity, they decreased with
the distance from the source emission in every,casdong as the plume axis locations
depend on a location at a predetermined distaram@ 8ource location. As an effect of
deflection of the stream which is emitted from arse in a location, (p2x{= 0, hs= 1H)
an increased value of G@oncentration at ground level is obtained. In ttate of the
location of source the stream of carbon dioxide pimvided almost directly into
a recirculation zone behind the hill, where dilatiand dispersion appears. The effect of
that is mainly movement at ground level. In theecasere the source was located on
a heighths= 1H it was found in a distand® in front of the hill, then the dominant transport
mechanism of emitted gas is advection, which catlssnaxima of concentration to rise
above the recirculation zone. At the same timedbecentration of C®is measured at
ground level is practically equal to normal atma=sgdhvalues at close distances behind the
hill. At long distances the influence of the sit@isource in terms of tab gas concentration
at ground level disappears.

Summary and conclusions

To sum up obtained results, it can ascertained, ttiea dispersion of the GQtab
emitted from sources located in a flow flush omedat of rolling medium and on its top
performs in the different flow conditions, whichearesponsible for dissimilar character of
course concentration of G@n modeled wind field. Firstly, the source locatim relation
to the recirculation zone and the area of incredisetlated turbulence velocity flow level
is essential.

In the article, the initial results of researchatsch suggest the significant influence of
oscillation component of the velocity on pollutiadispersion is shown. It is also
acknowledged here that this theme still requirethér research.
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PROCESY ROZPRZESTRZENIANIA SI E ZANIECZYSZCZE N GAZOWYCH
NA OBSZARACH PAGORKOWATYCH

Instytut Maszyn Cieplnych, Politechnika ggmchowska

Abstrakt: Istnieje szereg uwarunkowaw ktérych emisja szkodliwych substancji zachodzisssiedztwie
réznorodnych obiektéw naziemnych. W konsekwencjesézprocesu rozprzestrzenianiag stanieczyszcze
przebiega w warunkach przeptywowych ksztaltowanyich obecnécia i rozmieszczeniem. Mimoze

w warunkach rzeczywistych wygtuja ztozone uktady przeszkéd terenowych, przedmiotem zastevania
wielu autoréw jest przeptyw i dyspersja zanieczyszon otoczeniu pojedynczych elementéw, jak wzgérzg cz
budynek. Badania tego typu #ulepszemu zrozumieniu przeptywu i rozprzestrzemia@anieczyszcze
w terenach o zimnej topografii. Celem niniejszej pracy jest zbadawptywu ziazonego charakteru pola
predkaosci, a szczegdlnie jego sktadowej okresowej (nigsteznych podmuchéw wiatru) oraz struktur wirowych
generowanych obeckta wzgbrza na rozprzestrzenianie sbznego typu zanieczyszazegyazowych. Podstaw
analizy stanowi ewolucja profili koncentracji ditlu wegla w otoczeniu wzgoérza dla adego potaenia

i wysokaici zrédfa emisji. Na rozprzestrzenianie gnacznika gazowego emitowanegozrédta usytuowanego
w strefie naplywu na faliste podi® ma wplyw przede wszystkim pakniezrodta wzgkdem strefy recyrkulaciji
oraz obszaru o podurgzonym poziomie turbulentnych fluktuacjiedkosci przeptywu.

Stowa kluczowe:modelowanie rozprzestrzeniania zanieczyszczanieczyszczenia gazowe, teren pagorkowaty
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W PRZETWORSTWIE TWORZYW POLIMEROWYCH

Abstract: The paper presents the method of recycling anditguamanagement in the recycling process
of polymeric materials. Recycling of mixed polymenaterials is one of the most complex processes
in manufacturing. It is important to be able to mf@cture the materials of the secondary propenfean
acceptable degree of mixed polymer waste. In thig have been eliminated long and costly separatiocesses.
Properties of such materials are polymers whictda@&dvantageous because constitute them - maIyPP, PS,
PVC, PET etc. - are incompatible and form a mutihponent system in which the individual phases db n
exhibit significant adhesion. In addition, otherterals present different types - paper, metalgsdy act as
contaminants and contribute to the further detation of mechanical properties. In almost all casbse
properties of the mixture are worse than the ptagef the individual components. If you need toduce
products that must meet high requirements for mechb properties is not the possibility of usingyeled
material. They are used so other methods of reayas raw materials and energy, including paralysihod,
hydrocracking and gasification. Management qualibyv plays an increasingly important role in theyddiog

of plastics. The quality of the production becoraasimportant element of competition, which increghi can
decide the success of the recycling industries.

Keywords: recycling, polymeric materials, quality management

Introduction

Recycling involves reprocessing of substances demads contained in waste, in the
manufacturing process in order to obtain a substanenaterial for the original purpose or
for other purposes. The aim of recycling is to:

» protection of natural resources - the use of ¢kl materials reduces the use of raw
materials and shortage of stocks of natural ressirc

e environment - raw material extraction and proicgssf consumer goods is a constant
related to the load and environmental degradatiois; means that the protection of
natural resources is also the environmental,

* energy saving - are recyclable energy sourceg, tise leads to energy conservation as
long as the energy input to the recovery is less tthe energy that they entail, and
which can be obtained through them. Saving enesgihérefore also environmental
protection.

The operating principle of recycling is to maximite re-use of the same materials,
including the minimization of expenditures to begessed, which are protected natural
resources, which are used to produce them and ahe materials used for further
processing.

! Faculty of Mechanical Engineering and Computer eSoé, Czestochowa University of Technology,
al. Armii Krajowej 21, 42-201 Gstochowa, Poland, phone +48 34 325 06 61, fax +48335 05 09,
email: gnatowski@ipp.pcz.pl

" Contribution was presented during ECOpole’14 Canfee, Jarnoltowek, 15-17.10.2014
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Recycling takes place in two areas: productionagfds and the subsequent formation
of these wastes. Assumptions recycling assumeadtteed attitudes goods manufacturers,
favoring the production of the most recyclable anehting the appropriate behavior of the
recipients of these goods.

Recycling is a system organization of circuit materthat can be repeatedly processed

(Fig. 1).

consumers

b} collection of
shops : recyclable
materials
entrepreneurs company receiving
recyclable
materials
packaging

manufacturers recyclers

Fig. 1. Circuit materials in the environment

The system consists of the following elements:
e appropriate state legislative policy favoring rdiyg,
* waste treatment technology development, primanilgrder to use most of their parts,
» designing goods with the widest possible use afd@hrecyclable materials,

« design of homogeneous material and goods as pessibhplifying their subsequent
dismantling and waste segregation,

« design property of a combination of different mater in such a way that the
subsequent separation of the components constsbrobgeneous materials could be
easier,

» design goods in such a way to make the most afoitsponents be suitable for re-use
without treatment or with minimal to bring to a cplete,

» system for determining both the product packagimdj @mponents of these products,
in order to facilitate the recognition and segrigabf waste,

» ecological education of society and to promote mmrnentally friendly behavior and
organization,

» logistics sorting, collection and collection of dsgoods and their components,
e processing (previously prepared) of waste anddhevery of raw materials [1, 2].

Polymeric materials are characterized by a hugerdity in terms of chemical
structure and composition and formulation. Themefoecycling of polymeric materials has
a number of limitations. A huge role in the recygliprocess plays a quality management.
It determines the ratio of the recycling industréesl its staff, for carrying out activities.
In readable illustrates the quality policy objeetvand the company's management, helps in
the implementation of the quality management system
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All the planned and systematic and, if necessaigygn activities implemented within
the quality system, are used to excite the soundoafidence as to the object (product,
service) meet the quality requirements. There vgags action to ensure the quality are
properly organized. Quality management requiressud@nt and maintain a quality
system [3].

Documentation and quality assurance system

In the case of recycling companies, a very impartalement of the quality
management system are documentation that confiompléance of the recycling process.

The raw material in the manufacture of polymerictarials and any additives to be
used as long as it can be reasonably justify. Ratiatuprocesses should also use renewable
raw materials, avoid toxic substances.

In stark much better to prevent the formation ofstearather than dispose them.
Quality assurance system implemented by the recyalest in an appropriate manner to
ensure compliance with the requirements containgzeimits for the processing of plastics
in the recycling process. All the elements, requiats and provisions adopted by the
recycler quality assurance system must be documhémta systematic manner and orderly
manner in the form of written documents statemantsprocedures.

The quality system documents must permit a comdistegerpretation of the quality
policy and procedures such as quality programsisplmanuals, records and measures to
ensure traceability.

The documentation consists of the following eleraent
- quality policy manual, containing a clear definitiof quality goals of the recycler, the

organization of the company, in particular the orgational structures, the

responsibilities of the managerial staff and th@iganizational authority for plastics
recycled;

- quality control plans, including plans for the dhaeteristics of the raw material and
plastic recycled, qualification of suppliers, sogtiprocesses, washing, deep cleaning
processes, processes or any other part of thegwoekevant for the quality of plastics
recycled, including the identification of criticabints quality control plastics recycled;

- management and operational procedures used to aonoaitd control the whole
recycling process, including the inspection andliuassurance techniques at all
stages of the manufacturing process, in partidhi@restablishment of critical limits at
critical points for quality plastics recycled;

- methods of monitoring the efficient operation oé thuality system, in particular its
ability for plastic production the recycling of appriate quality, including checks of
products satisfying the requirements;

- records of tests and analyzes or other scientifidemce applied before, during and
after the production of plastics recycled, the fiengy of testing and the test
equipment used; in an appropriate range must bgitgego trace back the calibration
of the test equipment;

- recording documents adopted [4].
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Key issues related to quality management in thgcteg of plastics concern:

e Transport - special attention should be paid tonhg of organizing collection system,
the time between order receipt and acceptance stewk is also important if there is
an agreement of carriers, ensuring sustainablespgoaty and what type of transport
containers will be used.

 Raw materials - is of great importance is how matthe raw material is recovered,
and how much of them goes to the landfill.

» Hazardous substances - it is necessary to knowdiffierent types of recipients
of hazardous waste and to check whether they haegrait for disposal of hazardous
substances.

» Environmental management system - is of great itapoe is whether the company
has a recycling environmental policy and obseri/eshat are its environmental goals,
and if it works on the basis of an environmentahagement system.

* Quality system - make sure the company has a paoliagcycling and observes its
quality and whether it operates in accordance w&ithertified quality management
system [4].

By the quality of the materials by mechanical desieneant primarily getting better
adapt the products to the requirements and exjp@tsadf customers.

The introduction of a quality management system dibw attention not only to
control the quality of products, but also to monitmd correct operation of the quality
management system, customer service personneltifides requirements for raw
materials, standardization and statistical proaa@s#rol, enabling impact on the article
already during its manufacture.

Methods for recycling of plastics

Currently in Poland, most going to landfill becomibetter organized and secured.
This natural degradation of waste is indeed thegkist method to eliminate them, but at
least economically, socially, and unacceptablydapgaces dedicated landfills. Also keep in
mind that due to the need to fulfill the recommeiwdes and EU directives such a solution
becomes legally unacceptable for many categoriesaste (including polymer). The only
way to dispose of waste landfilled is to recovesnzall portion of the energy by collecting
and burning biogas generated in landfills.

There may be hope of composting biodegradableigdaghe production and use is
currently at a very low level.

Material recycling

Material recycling, is the repeated, direct protesf waste without the use of
chemical processes. This method can be used botthdncase of thermoplastics
(polyolefins, polyamides, polystyrene, polycarb@ngtolymethylmethacrylate, polyester)
and thermosetting plasticed polyester and epoxy resins) [1, 5, 6].

Waste water treatment is the process to obtainméerial for re-processing. This is
the most rational way of polymeric waste as it \@oreduction of the production of
polymers original. This allows you to reduce theission of harmful substances into the
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environment and energy necessary to produce neymgo$. This method, however, is
economically viable only for a certain group of yokrs, and in the case of waste sorted
well and uncontaminated [1, 5].

Methods belonging to this type allow for the reagvef recyclable waste plastics pure
fractions nutritious polymers suitable for re-prsgiag. The resulting product is called
recycle, or regenerated regranulate. Propertieegrfanulate are generally worse than the
material from which it was made [6]. Frequently reequlate is also 2-3 times more
expensive than a new raw material (the cost ofavastting, preparation for recycling and
the same alteration). However, it is now quite cannto use recycled material in the
automotive industry.

In the next stages are prepared in connection tvétdeterioration of the properties of
the recycled material getting "worse" elememtg,material of the bumpers is made into
rugs (recycling or secondary two cyclic). Founded Holand PRO PVC Consortium
Initiative estimates that in the near future willobse dynamically recycling material
polyvinyl chloride (PVC), whose production from yeto year increases, and PVC
recyclate is very satisfactory properties. Unfoatigly, because of the price and satisfactory
property other recyclates in the world, only 7%plafstics can be recycled as material [5].

Feedstock recycling

Degradation of polymers into fractions of lower ewilar weight in order to recover
monomers (oligomers), the recycling of raw matefehemical), although potentially
beneficial, is not only very expensive. Researctpmtesses such as pyrolysis, hydrolysis
and hydrogenation will perhaps in the future tdduabst-effective, working on large-scale
installations using waste plastic. This processu$es on plastics such as PET and
polyurethanes [1, 5].

Recycling energy

The methods rely on the burning of plastics andvemsion of chemical energy into
heat or electricity or destructive conversion padymof low molecular weight compounds
in the pyrolysis process, hydrocracking or part&idation, used as a fuel or chemical
feedstock. Utilizes the world in this way 16% o€ tivaste plastics. The energy recycling
involves hopes for processing the waste, whichreatrbe described earlier methods such
as recycling. Municipal waste, which are a mixtufvery different materials highly
contaminated. All these processes are carried ostlynin the refining plant and waste are
in addition to conventional refinery feedstoggHHeavier fractions of crude oil). Products
are fuels, oils and raw materials of organic sysith{s].

Pyrolysis

There are many methods for the pyrolysis of wastigrper materials. These include
processes in the engine's gas-solid, liquid-saldi, the vacuum pyrolysis [7].

In previously known pyrolysis techniques used bysilautoclaves, ovens, rotary screw
systems and fluidized beds [7, 8]. The procesgilisatile and he can be subjected to plastic
mixture after proper grinding without preliminargmaration. Perm is the presence of PVC
to 2%. If larger quantities hydrocarbon fractionentain traces of organochlorine
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compounds. The formation of these compounds caavbigled by the addition of calcium
oxide to bind the hydrogen chloride evolved. Theuhling calcium chloride causes
movement problems, however, resulting from the lsngb solid fraction part of the
fluidized. It is therefore better additive ammoniehich allows the binding of hydrogen
chloride, ammonium chloride.

In the case where the pyrolysis of waste is locatédin the refinery, is already at
capacity of 40 thousands Mg/year of economic irndisaare very favorable [9].

Gasification

Gasification of waste plastics is partial oxidatithrerein at a temperature of the
organic components 1350-1600°C under a pressutkb dflPa. As the oxidizing agent,
oxygen is used most often in admixture with steam.

The resulting gas (after removal of water and carblioxide) mainly composed
of carbon monoxide and hydrogen, and the solidluesis elemental carbon and inorganic
material gasified components (fillers, impuritieg). the process without the formation
of liquid products. In this process, however, sdobé taken into account specification
of the processed materials (plasticity, degree)thedourpose of the resulting product gas
(fuel gas, synthesis gas). The tested in a pilatestechnical solutions are first waste heat
plasticization (melted), preferably such. Mixturé&hwvpus or heavy residues and coal tar
liquid introduced into the reactor. Gasificationnche subjected to all kinds of waste
plastics (both thermoplastic and thermosetting) radber [9].

Despite many objections, it is estimated that rigcof energy in the future will be
the primary form of exploitation of waste plastitisis anticipated that in Western Europe
in the coming years will be processed 50% of pastaste, especially those fractions
which could not be profitably used in a differersynj1].

Discussion

The design of the recycling process (Fig. 2) ofedént products, in addition to the
ecological principles of production, should inclualé phases of the life of these products
until after their removal and reprocessing accaydio the following scheme. This
procedure is already beginning to be seen in thenzative industry, at which time the
disassembly of any part or parts plays a very blg. rAlso implemented in the electronics
industry many trials of new technologies, of thdéufa of the recycling process. One
example pro-recycling approach is the design andymtion of beverage bottles [9].

As shown by the experience of the many reasonsgawnot opt out of the packaging
of polymeric. Transport for example. Beverages atkages of polymeric materials is
cheaper than bottled. Reducing consumption of iplastan be achieved by the use
wherever possible of reusable packaging, as wdlyamproving the properties of polymer
materials, allowing for example. Material weightiuetion necessary to obtain a product
that meets users by limiting their use, re-processif waste packaging and the use of
biodegradable packaging [1].

Management quality now plays an increasingly imgatrtrole in the recycling of
plastics. The whole process includes:
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» planning,
e organization,
e motivating,
« control,
all activities relating to the shape and maintairis quality standards.

ECOLOGICAL PRINCIPLES
OF MANUFACTURING
v

Selection of materials

|

Processing

v
Relief product

|

Use

v

Dismantling

|

Recycling

Fig. 2. Designing the recycling process [9]

Before the plant will proceed to the efforts torstacycling line is necessary to pay
special attention to:

- used for the disposal of packaging waste technetogdapted to local conditions and
take into account the available infrastructure, theémber and range of waste,
continuity of supply, as well as size of the mar&ed its absorbency products from
recycled materials,

- range of knowledge in the field of chemistry ang$bs,
- to enable better use of the waste material,

- knowledge of the basic characteristics of the nmter it allows work on the
modification of the properties of plastic wasteirtgorove its quality. Proper selection
of compositions - often contain additives speclficdesigned for recycling, fillers and
modifiers,
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- allows for the processing of secondary materiath Wigh yield, good quality products
at the same time,

- the market value of the waste - it results maintyrf the evaluation of their quality -
for a potential recipient is essential quality prod which can be obtained from
recycled material, and which can be difficult wastecessing using standard methods
of recycling.

Quality in manufacturing and services is becoming important part of the
competition, which increasingly can determine thiecess of the recycling industries.
Quality management often treated as an action lzats to increased production costs.
Improving quality involves the introduction of net®chnologies, production processes,
more expensive materials. Bringing recycling compém the relevant standards is only
possible by the improved quality of services anshafactured products.

Conclusions

The different ways of working of plastics recyclingesulting the benefits and
limitations show that there is no one universal apdimal in terms of economic data
strategy for dealing with waste management of jisist

When selecting the optimal solution, depending lo@ type of material and extent
of contamination, must take into account sevefff¢int, non-exclusive solution.

Please be aware that recycling is a process tlmatiétbe planned years in advance,
paying particular attention to the quality managetsystem.
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ZARZ ADZANIE JAKO SCIA | ANALIZA METOD RECYKLINGU
W PRZETWORSTWIE TWORZYW POLIMEROWYCH

Wydziat Inzynierii Mechanicznej i Informatyki, Politechnika &tochowska

Abstrakt: W pracy przedstawiono metody recyklingu oraz zlmesci zaradzania jakécia w procesie
recyklingu materiatbw polimerowych. Recykling zztych mieszanych tworzyw polimerowych jest jednym
z bardziej skomplikowanych proceséw w przetwérshigtotna jest madiwos¢ wytwarzania materiatdbw wtornych
o dajcych st zaakceptowd wiasciwosciach ze ziytych mieszanych polimeréw. Wyeliminowane zostatyby
w ten sposéb diugotrwate i kosztowne procesy segjedktére obecnie oparte $1a wstpnej segregacji przez
konsumenta oraz na negstijacych po niej ¢gcznych lub automatycznych procesach wykonywanyeezraktad
odzyskujcy tworzywa. Whciwosci takich materialéw $ niekorzystne, poniewapolimery, ktére si na nie
sktadaj - gtéwnie PE, PP, PS, PVC, PET itd.g-réekompatybilne i tworz uktad wielosktadnikowy, w ktérym
poszczegdlne fazy nie wykaaujnacacej adhezji. Ponadto obecne inne materiatypyéh typow - papier, metale,
barwniki - dziatag jak zanieczyszczenia i przyczyniaic do dalszego pogorszenia wdavosci mechanicznych.
W prawie wszystkich przypadkach é&avosci mieszaniny § gorsze od whtiwosci poszczegoélnych sktadnikoéw.
W przypadku konieczrigi wytwarzania produktow, ktére musgpetnig wysokie wymagania co do wigwosci
mechanicznych, nie ma wéwczas iiwosci zastosowania recyklingu materialowego. Stosoveaneec tez inne
metody recyklingu, jak: surowcowa i energetyczna,tym metoda pirolizy, hydrokrakingu i zgazowania.
Zarzmdzanie jakécia odgrywa obecnie coraz bardziej zngmz rolg w procesie recyklingu tworzyw
polimerowych. Jak& w produkcji staje si waznym elementem konkurencji, ktéry w idum stopniu mee
decydowa o sukcesie przeddiiorstw zajmugcych se recyklingiem.

Stowa kluczowe:recykling, materiaty polimerowe, zaxzanie jakécia
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EFFECT OF SOIL POLLUTION WITH OIL DERIVATIVES
ON THE OCCURRENCE OF ISOPODA

ODDZIALYWANIE ZANIECZYSZCZENIA GLEBY ROPOPOCHODNYMI
NA WYSTEPOWANIE ISOPODA

Abstract: The research aimed at investigating the effect ibf derivatives during the process of their
bioremediation on dynamics of Isopoda occurrente fbllowing objects were established in two se(restural
and supported bioremediation): control - unpollused; soil polluted with petrol; soil polluted hitdiesel fuel
and soil polluted with used engine oil (dose: 6@ of fuel- kg™d.m. of soil). Epigeal fauna was trapped using
Barber's traps. During the periods from June toobet 2010, from May to October 2011 and 2012 thpstwere
emptied once a week. Activity of Isopoda order espntatives was reducing under the influence éfpstiution
with engine oil - the result was discernible evéteral4 months from the moment of contaminationllufion
with petrol generally did not affect the occurrenafelsopoda, whereas contamination with diesel emién
favoured their presence after two years from theamination moment. Supported bioremediation agpiethe
soil contaminated with diesel and engine oils wagilating,ie contributed to increase in the number of trapped
specimens in places where the oil derivatives édhitheir occurrence (the object polluted with eagail) or to
diminish their activity where the soil pollutionviaured the occurrence of crustaceans (the objeetemte soil
was contaminated with diesel oil in the 2012 sepdonresult, the number of trapped Isopoda waslaimas in
the unpolluted object.

Keywords: oil derivatives, soil, bioremediation, Isopoda

Representatives of Isopoda order inhabiting thé esoiironment are counted among
decomposing soil macrofauna. They feed mainly add#ant material. They contribute to
accelerating the decomposition processes by mexddaand chemical crushing of plant
tissues which they enrich in microorganisms dutiragnsport through their bowels [1, 2].
Due to their key role in the matter cycling, comnaoturrence and ease with which they
are collected, they are frequently used in reseanctihe environment risk assessment [3-5].
The investigations on the effect of water pollutifjderivatives point to their strong toxic
effect on macroinvertebrate fauna, including cressas [6]. Considerably less information
is available about this type of pollution effect tarrestrial crustaceans. As reported by
Van Brummelen et al [7] mainly due to the food ttemnsume, Isopods are exposed to
toxic effect of PAHs, regarded as the most dangemuderivative substances. Strategies
of avoiding the polluted soil by Isopoda are alsellvknown, which argues for their
possible use as bioindicators of pollution and sssent of bioremediation progress [4].

The research aimed at investigating the effectilofi@rivatives during the process of
their bioremediation on dynamics of Isopoda ocawree

Materials and methods

The investigations were conducted in 2009-2012hatExperimental Station of the
University of Agriculture in Mydiniki near Krakown autumn 2009 indigenous soil was

! Department of Agricultural Environment Protectidwricultural University of Krakow, al. A. Mickieveiza 21,
31-120 Krakéw, Poland, phone +48 12 662 44ebfail: rrigospo@cyf-kr.edu.pl
" Contribution was presented during ECOpole’13 Canfee, Jarnoltowek, 23-26.10.2013



64 Janina Gospodarek

placed in 1 Micontainers with maintained natural layers arrargygniThe containers were
then dug into the soil, so that their upper area wathe same level with the surrounding
soil. The soil in containers was left untouched8anonths to allow it to restore its natural
biological efficiency. After this period (in Jun®20) the soil in containers was polluted
with the following oil derivatives: petrol, dieseil and used engine oil in the amounts
equal to 6000 mg of fuel kg d.m. of soil. A week later half of the containewss
subjected to bioremediation with the use of ZB-@dpkeparation, specially prepared for
this purpose. Four objects were identified in eatthe two series (natural and supported
bioremediation): 1. Control - unpolluted soil, 2ilSvith simulated petrol leak, 3. Soil with
simulated diesel oil leak and 4. Soil with simuthtesed engine oil leak. The whole
experiment was conducted in 4 replications accortiinrandomized block design. Isopods
were trapped using Barber's traps (0.9°dans dug even with the soil levahd protected
against atmospheric precipitation with a plastiofyglaced in the central point of each
container. During the periods from June to Octa®t0, from May to October 2011 and
2012 the traps were emptied once a week. Statistmaputations concerning Isopoda
occurrence in the subsequent months and years thhenmoment of soil pollution were
made using Statistica 10.0 PL computer programmearld were diversified using NIR
Fisher test at significance lewek 0.05.

Results and discussion

The dynamics of Isopoda trapping during the corgtlicesearch did not reveal the
maximum of their occurrence during the vegetatieassn (Figs. 1-3). In 2010 the most
numerous were trapped at the beginning of Septemb@011 by the end of May, at the
turn of July and August and by the end of Octolvdrereas in 2012 the course of the
trappings fluctuated greatly. Isopoda activity ifen connected with the substratum
moisture. During the first three months followinget soil contamination with oil
derivatives, no significant effect on the numbert@pped Isopoda representatives was
registered (Table 1). In the fourth month signifittg lower number of these crustaceans
were noted in conditions of soil polluted with emgioil in comparison with the control,
however next month more were caught in the pollided. Supported bioremediation
applied on the soil polluted with diesel oil, a®sas in the fourth month after pollution
revealed a marked effect contributing to increasauber of trapped Isopoda.

In the second research peridd, 11-16 months after the contamination moment,
a distinctive reduction of these invertebrate dstiwas observed under the influence of
engine oil during their intensified occurrence {1sonth following the contamination
moment). Analysis of the oil derivative compoundstent at that time pointed to their still
about 5-fold higher content than the content of goumds extracted by light petroleum
from the unpolluted soil (unpublished data). Supgbrbioremediation did not affect
significantly Isopoda occurrence during this peridghalysis of results obtained for the
entire vegetation period revealed a significantatieg effect of engine oil, slightly reduced
by the conducted supporting remediation. On therottand, in case of soil polluted with
petrol and subjected to supporting bioremediatimarkedly smaller number of Isopoda
were trapped than in the unpolluted soil (Fig. 4).
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Fig. 1. Course of dynamics of Isopoda occurrenapped using Barber’s traps in 2010. EO - soil qoiriated

with used engine oil, DF - soil contaminated wittes#l fuel, P - soil contaminated with petrol,

C - unpolluted soil, OR - series without bioreméidia, R - series with bioremediation
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Fig. 2. Course of dynamics of Isopoda occurren@pped using Barber's traps in 2011. The symbols

as in Figure 1
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Fig. 3. Course of dynamics of Isopoda
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using Barber's traps in 2012. The symbols

Table 1

Occurrence of Isopoda trapped using Barber's trapsividual months after soil contamination.
The symbols as in Figure 1

Number of months Isopoda[pcs/trap/month]
from the moment of soil Control Petrol Diesel fuel Engine oil
contamination OR R OR R OR R OR R
1 225a*| 0.75a| 1.504 200p 050a 12ba 0.00825a
2 150a| 142a] 2254 2.00a 2.25a 150a 0.15a25a
3 3.25ab| 1.33a] 3.75ah 1.75pb 42%b 3.25ab0ahj 2.25ab
4 4.75bc| 4.25ah 6.00 425bc 250jab 7.33c 5&.7T 050a
5 1.75a| 050a] 1754 1.75ja 3.00jlab 2.00a 5.25h25a
11 450a| 12.00a 10.50ja 1.25la 5.7%a 11.p0a0&ap 542a
12 200a| 125a] 125a 0.25[a 0.73a 1.00a 0.25200a
13 475a| 225a 150a 0.75]a 1.795a 1.25a 1.0050 a
14 10.50b| 4.75ah 5.25gb 3.00la 9.50ab 6.5p ab25a3| 5.00 ab
15 0.00a| 058a] 0.75a 0.75a 0.73a 050a 0.J5@25a
16 525a| 350a] 275a 525 350a 275a 3.00B50a
23 225ab| 2.00ah 450b 3.25ab 52%5b 0.50a 0&Q 2.67 ab
24 475b| 4.75b| 358ap 050fa 6.25b 3.50ab &h752.25ab
25 0.25a| 0.00a] 025a 050ab 225b 1.50ab an830.75ab
26 0.50 ab| 0.25 al 0.00a 125pb 1.83b 15pakk8ah| 0.00a
27 0.00a| 0.25a] 033a 0.00ja 1.424b 0.1fa ®758.00a
28 550b| 2.67ah 225a 3.00ab 3.75ab 1.00a Oah% 1.25a

* Means in lines marked with the same letters do differ significantly according to NIR test at = 0.05;

factors contamination x remediation
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Fig. 4. Occurrence of Isopoda trapped using Basheaps mean in the years 2010, 2011, 2012. Thédgnas
in Figure 1. Means marked with the same lettersndb differ significantly according to NIR test
ata = 0.05; factors contamination x remediatidn.Mean +0.95 confidence interval

In the 2012 season (23-28 months after contamimatieightened Isopoda activity
was observed in the soil contaminated with diefiglFags. 3 and 4, Table 1). In this case
bioremediation contributed to a decrease in the baunof trapped Isopoda to the level
similar to the control soil.

Research by Couceiro et al [8] demonstrated a w&myng reduction of Isopoda
representatives occurrence on the banks of a steeposed to oil spill. In comparison with
the banks of unimpacted stream, 19-fold less &f diniler representatives were found in the
samples collected from the banks of polluted streangine oil most negatively affected
Isopoda occurrence, which is undoubtedly conneotéth the presence of hardly
decomposable components, among others PAHs, wheoesignificant effect of petrol on
the analysed fauna was noted during almost whal®gef investigations. This kind of
pollutions becomes fast eliminated from the soi do high content of volatile fractions.
During the final period of researcle after 2 years from the contamination, intensified
activity of Isopoda was observed in conditions oil sontaminated with diesel oil. The
reason might have been decreasing concentraticgpeflent substances proceeding in time
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and possibly the appearance of some attractantasudes. As has been demonstrated by
research of Zimmer et al [9] one of the most comrsmpoda representativesorcellio
scaberis able to identify food by olfaction. The speciesognizes the smell of metabolites
produced by the microorganisms colonizing leave® 6f the attractants is a by-product of
cellulolytic activity of these microorganisms. Saset al [4] stated an apparent avoiding of
soil polluted with high doses of dimethoate, glyp&i® and spirodiclafen BBorcellionides
pruinosus.However, at lower doses of spirodiclofen, everaatant effect was registered.
The authors explained it by a possible attractéfieceof some substances included in the
content of formulations.

Conclusions

1. Activity of Isopoda order representatives was réagiaunder the influence of soil
pollution with engine oil - the result was discéiei even after 14 months from the
moment of contamination. Pollution with petrol geaily did not affect the occurrence
of Isopoda, whereas contamination with diesel wérefavoured their presence after
two years from the contamination moment.

2. Supported bioremediation applied to the soil coimated with diesel and engine oils
was regulatingie contributed to increase in the number of trappgesgtinens in places
where the oil derivatives limited their occurrer{tiee object polluted with engine oil)
or to diminish their activity where the soil pollt favoured the occurrence of
crustaceans (the object where the soil was conttednwith diesel oil in the 2012
season). In result, the number of trapped Isopodsa similar as in the unpolluted
object.
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ODDZIALYWANIE ZANIECZYSZCZENIA GLEBY ROPOPOCHODNYMI
NA WYSTEPOWANIE ISOPODA

Katedra Ochrongrodowiska Rolniczego, Uniwersytet Rolniczy im. HagdKotitaja w Krakowie

Abstrakt: Celem pracy byto zbadanie oddzialywania substanpppochodnych w trakcie procesu bioremediacji
gleby na przebieg dynamiki wygtowania Isopoda. Utworzono négstjace obiekty: kontrola - gleba
niezanieczyszczona; gleba zanieczyszczona benzyeba zanieczyszczona olejem e@d@vym oraz gleba
zanieczyszczona zytym olejem silnikowym (dawka: 6000 mg paliwakg™ s.m. gleby). Eksperyment zostat
przeprowadzony w dwoch seriach: z naturainwspomagasn bioremediacj. Bezkegowce byly odtawiane
z wyciem putapek Barbera. W okresie od czerwca dalziarnika 2010 roku oraz od maja dag@zernika 2011

i 2012 roku putapki byly optdiane raz w tygodniu. Aktywrié przedstawicieli rgdu Isopoda ulegata
ograniczeniu pod wptywem zanieczyszczenia glebyewlesilnikowym - efekt ten widoczny byt jeszcze po
uptywie 14 miesicy od momentu ska&nia. Zanieczyszczenie benzynie wplywato na ogét na wygtowanie
réwnonogich, z& skazenie gleby olejem nagowym po uplywie 2 lat od momentu zanieczyszczemiecz
sprzyjalo ich obecrimi. Bioremediacja wspomagana zastosowana nag giiazona olejami silnikowym

i napdowym oddziatywata regulago, tj. przyczyniata sido zwikszenia liczby odtawianych osobnikéw tam,
gdzie ropopochodne ograniczaly ich wepsiwanie (obiekt zanieczyszczony olejem silnikowyrbydz do
zmniejszenia ich aktywrsoi tam, gdzie zanieczyszczenie gleby sprzyjalo ypmtaniu skorupiakéw (obiekt
z glely zanieczyszczanolejem napdowym w sezonie 2012 roku). W rezultacie todéhtsopoda ksztattowataesi
podobnie jak w obiekcie niezanieczyszczonym.

Stowa kluczowe:ropopochodne, gleba, bioremediacja, Isopoda
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RESIDUAL EFFECT OF SOIL POLLUTION WITH OIL
DERIVATIVES ON THE OCCURRENCE OF ACARINA

NASTEPCZY WPLYW ZANIECZYSZCZENIA GLEBY ROPOPOCHODNYMI
NA WYSTEPOWANIE ROZTOCZY

Abstract: The aim of the work was to determine the residdigce (e after one year and two years) of soil
contamination with various oil derivatives (petrdiesel fuel and used engine oil) on the activitytesrestrial
Acarina. Assessed was also the effect of assidtweérbediation process on the abovementioned inwextes.
Soil, placed in the containers (*)ywas polluted with 6000 mg of fuel gd.m. of soil in June 2010. A week
later half of the containers was subjected to biediation with the use of ZB-01 biopreparation, cspity
prepared for this purpose. Epigeal fauna includigrina was trapped using pitfall traps in the ge2011 and
2012. Two years after the moment of soil contanmmatith petrol, diesel fuel and engine oil on tlewel
corresponding to the most frequently registeredterdnin the soil medium polluted with oil derivatsy; their
negative effect on Acarina activity on the soilfage is still evident. Application of bioremediaticupported
with ZB-01 preparation significantly reduces thgative effect in case of the soil contaminated \pittrol and to
a lesser extend also in soil polluted with diesell,f whereas it contributes to a considerable sifieation of
Acarina activeness in the soil contaminated witkdusngine oil. The number of Acarina caught usitf@lptraps
may be strongly modified by the course of the weatonditions during respective vegetative seasons.

Keywords: oil derivatives, soil, bioremediation, Acarina

Due to their growing consumption, oil derivativesnstitute increasingly more
frequently identified environmental hazards [1]rinéul effect of oil derivatives on the soil
environment may persist for various periods of fimepending on the pollutant kind and
dose. Both the conditions under which the contatathaoil self-purification occurs and
possible applications of various methods of assifieremediation are important [2-5].
Although the effect of oil derivatives on soil imt&brates has been researched, particularly
from the perspective of their use as bioindicaférs/], only scant information is available
about the effect of assisted bioremediation processhese organisms [8]. As has been
proved, bioremediation using specially selectedragirganisms brings beneficial results in
purification of soils contaminated with oil deriixas [9].

Soil Acarina play a significant role in metaboliopesses [10]. They are also often
indicated as bioindicators of environmental charrgsslting from human activity [11, 12].

The paper aimed at determining the residual effecifter one year and two years) of
soil contamination with various oil derivatives {fm#, diesel fuel and used engine oil) on
the activity of terrestrial Acarina. Assessed wks® dhe effect of assisted bioremediation
process on the abovementioned invertebrates.

Materials and methods

The research was conducted in 2009-2012 at the rigxpatal Station of the
University of Agriculture in Mydlniki near Krakowln the experiment containers with

! Department of Agricultural Environment Protectidwricultural University of Krakow, al. A. Mickieveiza 21,
31-120 Krakéw, Poland, phone +48 12 662 44ebfail: rrigospo@cyf-kr.edu.pl
" Contribution was presented during ECOpole’14 Canfee, Jarnoltowek, 15-17.10.2014
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a capacity of 1 rhwere used. The containers were dug into the swithat their upper area
was on the same level with the surrounding soilJune 2010 the soil in containers was
polluted with the following oil derivatives: petrotliesel oil and used engine oil (dose
6000 mg of fuet kg™ d.m. of soil). A week later half of the containevas subjected to
bioremediation with the use of ZB-01 biopreparatispecially prepared for this purpose.
This treatment was repeated in the spring 2011. &periment was performed in four
replications. Four objects were created in two eseri(natural and supported
bioremediation): 1. Control - unpolluted soil, 2oilScontaminated with petrol, 3. Soll
contaminated with diesel oil and 4. Soil contamedatvith used engine oil. Epigeal fauna
including Acarina was trapped using pitfall traps9(dnf jars dug even with the soil level
and protected against atmospheric precipitatiom witplastic roof) placed in the central
point of each container. The traps were emptiec @eeek during the periods from May
to October 2011 and 2012. Statistical computatiaese made using Statistica 10.0 PL
computer programme. Means were diversified usinD L&kt at significance level= 0.05.

Results and discussion

The dynamics of Acarina occurrence in 2011 and0ih22was similar, but the number
of individuals was higher in 2012 (Figs. 1, 2). Thaamics in 2011ie one year after the
soil contamination, pointed to their most intensagtiveness in May and at the beginning
of June (Fig. 1). In the later period they weregtdawonly sporadically. Similar dynamics of
their occurrence, with peak abundance in June wegistered also in previous
investigations [13].

Table 1
Occurrence of Acarina trapped using pitfall trapsidividual months after soil contamination.
The symbols as in Figure 1

Number of months Acarina [No. of individuals / trap / month]

from the moment of Control Petrol Diesel fuel Engine oil

soil contamination OR R OR R OR R OR R
11 2.50 ab*| 3.00 ah 0.50 g 175ab 4.25|ab 2.50aB75b 2.46 ab
12 0.00 a 0.25a 0.50 g 0.50 p 0.25a 0.50a 0.50 8.00 a
13 0.00 a 0.00 a 0.25 g 0.25p 0.0 a 0.0p a 0.00 8.00 a
14 0.25a 0.00 a 0.00 g 0.00 p 0.0 a 0.0p a 0.00 8.00 a
15 0.00 a 0.00 a 0.00 g 0.00 p 0.0 a 0.2b a 0.00 8.00 a
16 0.00 a 0.00 a 0.00 g 0.00 p 0.0 a 0.0pa 0.00 8.00 a
23 87.25ahf 86.50ap 6.25a 73.50lab 9.4Pa 27p5&x75a | 154.25
24 57.50ah 63.25ap 13.17|a 84.25ab 15.50a 42/0013.00a| 121.25b
25 12.25a| 23.17ap 13.25fa 26.25ab 16.25a B2[7512.67a| 40.33b
26 4.00 a 8.00a| 1450p 10.74a 132pa 9.25a 5a&b.2 18.08a
27 350a| 11583 12.08p 7.25fa 9.78a 10.00a Oa7p 17.75a
28 3.75ab| 4.17ah 450ab 8.00|b 1.00 a 1.7r5 a 5&n 7.25b

* Means in lines marked with the same letters dodiffer significantly according to LSD test at= 0.05; factors
contamination x remediation
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In the 11" month, from the moment of the soil contaminatit®e most numerous
Acarina were caught in the soil contaminated witlyiee oil (Table 1), on the other hand
significantly fewer of these animals were caugho ithe traps placed in the soil polluted
with petrol. However, none of the registered valdéfered markedly from these noticed
under conditions of control soil. The bioremediatfirocess did not influence significantly
the Acarina activeness on the soil surface eitiiee number of Acarina caught in the
months from 12 to 16 was very low and no visibl&fedénces were noted between the
investigated objects. Also, the data analysistiera011 season did not reveal any effect of
the soil pollution with oil derivatives or bioremation supported with ZB-01 preparation
on the occurrence of Acarina on the soil surfacg. (8).

Acarina [pcs / one trap / week]

O A A A A A A AAAAAA O A d A A A A AAAAAA
‘&‘HHHHHH\—!\—!\—!\—!\—!\—! BHHHHHHHHHHHH
[coNoNoNoNoNoNoNoNoNoNe) [ojoNoNoNoloNoNoNoNoNolNo]

O PRI N N R N N N NN —-— EO
O OONNMWOWWO O OO DO OONNMOVODOOO
[eleoleoleoNoNoNeNeNeNoR i) OO0 O0OO0OO0OO0O0OO0OO0O - _E_DF
VHAOONOOOMOO S WA ONOOOMOOIT
O AT N-ANONONOWN O A N-ANONONOWN G P

OR R —— Control

Fig. 1. Course of dynamics of Acarina occurrenappied using pitfall traps in 2011. EO - soil contaated with
used engine oil, DF - soil contaminated with diefsel, P - soil contaminated with petrol, Control -
unpolluted soil, OR - series without assisted biadiation, R - series with assisted bioremediation

Analysis of the dynamics of Acarina abundance i@ #0912 season indicated their
intensive activeness during the whole vegetatioms@e (Fig. 2), with more intensive
occurrence in May and June. According to Eyre ¢14], the meteorological conditions in
a given season may have a considerable influentlkeomumber of specimens caught using
pitfall traps. In the months from 230 25" from the moment of soil pollution, the highest
numbers of Acarina were caught in the soil pollutgth engine oil, but at simultaneously
applied supported bioremediation (Table 1). Sigaifitly fewer of these invertebrates were
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registered in all other objects with polluted sadlcept the petrol contaminated soil
subjected to bioremediation, whereas in th® g®nth also in the control soil. In August
and September 2012 (in the 28' and 27" month after contamination) Acarina number
was much lower and no significant differences weoted at that time depending on the
pollutant substance or the bioremediation. HeigitlerAcarina activity in the soil
contaminated with petrol and engine oil after th@plization of biopreparation was
registered also in October 2012 (the'28onth after the soil contamination).
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Fig. 2. Course of dynamics of Acarina occurrenaped using pitfall traps in 2012. The symbolsasigure 1

Joint analysis of the results obtained during tB&22season revealed the persistent
negative effect of the soil contamination with erggioil, diesel fuel and petrol regarding
Acarina activeness on the soil surface. The ap@iggported bioremediation removed this
negative effect in case of petrol as the pollutsuitbstance. In case of diesel fuel, also
increased number of caught Acarina was noted, atiststally it did not differ from the
number registered in the control soil, where thapteparation was not applied. In the soll
contaminated with engine oil, the applied biopragian led to a marked increase in the
number of caught Acarina to the level almost twiggher than observed in the unpolluted
soil without the biopreparation.

The research on the occurrence of terrestrial Aeagonducted in the presented
experiment immediately after the soil pollution hwitil derivatives i in the 2010 season)
did not show any significant effect of the polluison the invertebrate activity on the soil
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surface [13]. On the other hand the applied biogagion contributed to increased number
of specimens caught in the soil contaminated wétngb 3 months after the contamination.

2011

0.3

0.2

0.1 .

Acarina [pcs / one trap / week]
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EO DF P Control T R
2012

30
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Fig. 3. Occurrence of Acarina trapped using pitfi@ps mean in the years 2011, 2012. The symbadts Bigure
1. Means marked with the same letters do not dffmificantly according to LSD test at= 0.05; factors
contamination x remediatiod- Mean +0.95 confidence interval. In 2011 meansatdliffer statistically

In previous research, 2 and 3 years after the mbomleen crude oil was spilled on the
roadside in result of a road disaster, slightly enaumerous Acarina (Orbatida) were
caught in the unpolluted area [15]. Investigatioasducted by Blakely et al [16] as well as
previous research of Ertsfeld and Snow-Ashbrook] [/8o indicated a reduction in
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abundance of total Acarina with PAH contaminatidhe authors ascribe it to two possible
reasons: fungicidal effect of PAHs, which redudes amount of microarthropod’s fungal
or detrital food, or reduction of their habitat spalue to increasing bulk density in effect of
PAH contamination. On the other hand, Santaruf@lefl8] mention the soil Acarina
among the microarthropods fairly resistant to thean environment.

Conclusions

1. Two years after the moment of soil contaminatiothvgetrol, diesel fuel and engine
oil on the level corresponding to the most freglyenegistered content in the soil
medium polluted with oil derivatives, their negatieffect on Acarina activity on the
soil surface is still evident.

2. Application of bioremediation supported with ZB-pleparation significantly reduces
the negative effect in case of the soil contampohatéh petrol and to a lesser extend
also in soil polluted with diesel fuel, whereas cibntributes to a considerable
intensification of Acarina activeness in the soihtaminated with used engine oil.

3. The number of Acarina caught using pitfall trapsyntee strongly modified by the
course of the weather conditions during respeatagetative seasons.
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NASTEPCZY WPLYW ZANIECZYSZCZENIA GLEBY ROPOPOCHODNYMI
NA WYSTEPOWANIE ROZTOCZY

Katedra Ochrongrodowiska Rolniczego, Uniwersytet Rolniczy im. HngdKotgtaja w Krakowie

Abstrakt: Celem pracy byto okéenie nasipczego (tj. po uptywie roku i 2 lat) oddzialywarskazenia gleby
réznymi ropopochodnymi (benzgnolejem napdowym i zuzytym olejem silnikowym) na aktywr$é naziemnych
Acarina. Ocenie poddano réwnievptyw procesu bioremediacji wspomaganej na wynaieei bezkggowce.
Glebe umieszczono w kontenerach o pojesuio 1 n? i zanieczyszczono 6000 mg substancii
ropopochodnej kg suchej masy gleby w czerwcu 2010 roku. Po uplywigodnia potowa konteneréw
z zanieczyszczanglely poddana zostata procesowi bioremediacjiyciem preparatu ZB-01, specjalnie do tego
celu przygotowanego. Fagimaziemn, w tym roztocza, chwytano zzyciem putapek Barbera w latach 2011
i 2012. Po uplywie 2 lat od momentu zanieczyszeegiteby benzyqn olejem napdowym i olejem silnikowym na
poziomie odpowiadagym najczsciej stwierdzanej zawarfoi w glebach srednio skaonych substancjami
ropopochodnymi nadal widoczny jest negatywny ichywpna aktywnéc¢ roztoczy glebowych na powierzchni
gleby. Zastosowanie bioremediacji wspomaganejrig@abgranicza ten negatywny wplyw w przypadkuzekea
gleby benzya i w mniejszym stopniu tale olejem nagdowym, a przyczynia sido znacznego zekszenia
aktywnaci roztoczy w warunkach gleby zanieczyszczonejyyim olejem silnikowym. Liczebrié roztoczy
odtawianych z iyciem putapek Barbera me by silnie modyfikowana przebiegiem warunkéw pogodokvyc
panupcych w danym sezonie wegetacyjnym.

Stowa kluczowe:ropopochodne, gleba, bioremediacja, Acarina
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ANTIFUNGAL EFFICACY OF Bacillusamyloliquefaciens
AGAINST Alternaria sp.

SKUTECZNOSC PRZECIWGRZYBOWA Bacillus amyloliquefaciens
WOBEC Alternaria sp.

Abstract: The aim of the research was to assess a poteidlabizal activity of B. amyloliquefacienagainst
Alternaria sp. In the conducted studies taken into accoueetfactors: the bacterial cell density, the preseaic
the bacterial cells or the cell-free supernatadttae composition of the medium. The antagonistiperties were
assayed with a dual culture plate method on PDA @mdpek media. The culturing process was conducted
at 25 +2°C for 14 days. The influence of the melitd® produced byB. amyloliquefaciensn the growth of
Alternaria sp. was evaluate on the basis the growth rate inderducted studies have shown tkia linear
growth ofAlternaria sp.was 6-fold and 5-fold slower after application afckerial culture with the optical density
equal 2.0, respectively on PDA and Czapek medianpewed to the control tests. Furthermore, it was
a slightly stronger inhibitory properties Bf amyloliquefacien®n PDA medium, wherein the carbon source was
glucose than on Czapek medium where the carboresoas sucrose. This difference was about 1-3%lifiear
growth of the fungus was inhibited more strongly lmcterial culture (approximately 2-3%), comparedhe
cell-free supernatant, regardless of the densityhef cells and type of mediurifaking into account all the
analyzed factors, the application of bacterialureltwith a density of 2.0 on PDA medium, resultedhie slowest
the growth of this fungus, approximately 83% conggawith the control test8. amyloliquefaciensnay find

a wide range of application, in the process of {paatection against diseases causedlbgrnaria sp.

Keywords: Bacillus amyloliquefacieng\lternaria sp., fungistatic activity

Introduction

Fungi of the genudlternaria are common in many parts of the world, they are
cosmopolitan organisms and can be found in sa@htgl food and indoor air. Some of them
are saprophytes, and others are pathogens of gaci@mp plants, ornamentals, fruit and
vegetables. They affected the various stages opldmd development resulting in, among
others, seedling blight, leaf spot, root rot anskdses of various plants called alternariosis,
contributing to significant economic losses. Théspacontribute to a significant reduction
in seed yield and the spoilage of agricultural jicid during storage and during transport.
[1-3]. Furthermore Alternaria spp. produces dangerous to plants, animals ancatsm
secondary metabolites with toxic properties (mygts), among others, radicin (RAD),
epi+adicinol €pFROH) byA. radicinaand tenuazonic acid (TeA), altertoxin I, I, 111 TX
[, 11, 1lI), alternariol (AOH) byA. alternata[1, 2, 4, 5]. One of most effective measures to
control the disease causedAlyernaria sp. is effective application of fungicides [1].

More and more often in the plant crops strivesinatithe use of pesticides because
they are expensive, harmful to the environment aodhetimes ineffective due to the
immunization of pathogens. Intensive studies aregoeonducted on the possibility the
introduction of new and safer methods to limitingetgrowth and development
phytopathogens. Therefore, from year to year grgwain interest in biological preparations

! Independent Department of Biotechnology and Md#cBiology, Opole University, ul. kard. B. Kominlga,
45-032 Opole, Poland, phone +48 77 401 60 56, ekgihta@uni.opole.pl
" Contribution was presented during ECOpole’14 Canfee, Jarnoltowek, 15-17.10.2014
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using the non-pathogenic soil microorganisms of ge@eraBacillus and Psudomonas
These microorganisms are known as PGPR (Plant Gr&namoting Rhizobacteria) that
are able exert a beneficial direct or indirect effen growth and development of plant. The
direct impact of microorganisms is associated vetirichment of soil in nutrients and
increasing their bioavailability for plants, synsieethe phytohormones or vitamins. Indirect
effects result mainly from the improvement in tHarp health by inhibiting the growth of
pathogens and induction of resistance of plantslisease. The positive impact of the
bacteria is possible due to the production by thie biological active metabolites
eg antibiotics or cell wall degrading enzymes. TherefBacillus spp. strains may be an
alternative to the use of chemical substances, casr@ding to the European Union
Directives still seeks systematically to limit thee of chemicals in the environment [6, 7].
The aim of presented studies was to determine tioéic binteraction of Bacillus
amyloliquefaciensvith theAlternaria sp.

Materials and methods

In this study the ability of the secondary metatesli produced byBacillus
amyloliquefaciensin limiting the growth ofAlternaria sp. has been determined. The
antagonistic properties of metabolites were assayitiul a dual culture plate method on
PDA medium consisting of [g/d#h glucose 20.0, potato extract 4.0, agar 15.0 and
Czapek medium consisting of [g/dmsucrose 30.0, MgSEO7H0 0.5, KHPO, 1.0, KCI
0.5, NaNQ 3.0, Fg(SQy)s- 7H,0 0,01, agar 15.0.

Fungal mycelial-disks (diameter of 10 mm) obtairfemm growing cultures of test
fungal isolates were placed on the centre of thésliminoculated with 0.5 chbacterial
cells (BC) and cell-free supernatant (CFS) obtainfdm 24-hour culture of
B. amyloliquefacienat a different bacterial cell density (OD = 1.0 &b = 2.0). In the
control plates both of bacterial supernatants auwdbial culture were replaced with sterile
broth medium. All plates were incubated at 25 +23€14 days. The colony diameters of
the fungal pathogens in the test and the contratepl were measured every
2-3 days until the mycelium dlternaria sp. in the control plate, reached the edge of the
plate. Each experiment was run in triplicate. Th&agonistic activity of this bacterium was
estimated as the growth rate ind@, (calculated according to the formula below [8]:

T =A+E+...+&

d, d

where A is the mean from colony measurement [mi],is the experiment duration
(number of dayskh;...b is the increase a colony diameter from lasted nreasent,d;...d;
is the number days from lasted measurement.

During the evaluation of the results was designaledpercentage reduction of the
growth rate index in the treated plate versus thevth rate index in the control plate.

X

Results and discussion

Several strains belonging to the geBagillus eg B. amyloliquefaciermndB. subtilis
are able to excrete one or more compounds, amogm thioactive non-volatile cyclic
lipopeptides with fungistatic properties and thdl eeall degrading enzymesBacillus
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amyloliquefaciensstrains were reported effective for the biocontodl multiple plant
diseases caused by soilborne or post-harvest patsdg-11].

Therefore, the antifungal activity d&. amyloliquefacien®n 2 different media was
evaluated toward testedlternaria sp. Due to the fact that many of the factors deiee
the activity of the microorganisms in the conducstddies taken into account three: the
bacterial cell density (OD), the presence of thikscar the cell-free supernatant and the
composition of the medium. Conducted studies hawewa differences in fungistatic
activity of B. amyloliquefaciengdepending on the parameters analyzed.

It was observed that the linear growth of the miyeelof Alternaria sp. on the PDA
medium was inhibited most efficient by adding bdifcterial cells (BC) and cell-free
supernatant (CFS) to the growth medium comparebet@ontrol test (Fig. 1). The value of
the growth rate index for bacterial cells was samilvhen the optical density of the
inoculum was 1.0 and 2.0 (7.31 and 7.54 respeg)ivéhe highest measured value (8.27)
was recorded after application of the cell-free esnptant at optical density equal 1.0.
The linear growth ofAlternaria sp. was 6-fold slower on this medium compared to the

control test.
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Fig. 1. Influence ofBacillus amyloliquefaciensn the growth rate index odAlternaria sp. on PDA medium

(OD - optical density)

Similar activity of the metabolites &. amyloliquefacienagainstAlternaria sp. were
observed on the Czapek medium with the sucrose.ederythe inhibitory efficacy of this
bacterium was slightly lower, when the cell-fregpaunatants were obtained from both
inoculum with an initial optical density equal la@d 2.0, compared to used the bacterial
cells. The value of the growth rate indexAdfernaria sp. amounted from 6.82 to 7.54 and
was still 5-fold lower than the control test (41).QFig. 2).

On both media, the difference in the inhibitoryi@ctof metabolites between the most
and least acting culture 8f amyloliquefacienamounted about 1.0-1.5 units.

The highest measured value of the growth inhibiti@s noted for the PDA medium,
wherein as the carbon source was glucose thahdo€rapek medium where as the carbon

source was sucrose (Fig. 3).
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Fig. 2. Influence oBacillus amyloliquefaciensn the growth rate index dflternaria sp. on Czapek medium
(OD - optical density)
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Fig. 3. Inhibition effect oB. amyloliquefaciensn mycelial growth oAlternaria sp.

The linear growth of the mycelium was inhibited astively when the PDA medium
was supplemented with the bacterial cells (optiEaisity equal 1.0) and with the cell-free
supernatant (optical density equal 2.0). The anmeslmbtained were: 83.85 and 83.60%
respectively. Slightly lower activity of this badien was observed on the Czapek medium
but it was still very high compared to the PDA madi The inhibition of the growth of
Alternaria sp. in case of both the bacterial cells and thlefree supernatant for inoculum
at initial optical density equal 2.0 ranged from7to 83.39 percent respectively. Taking
into account all the analyzed factors, the appbeaof bacterial culture with a density of
2.0 on PDA medium, resulted in the strongest inbilyi effect, by approximately 83%
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compared with the control test. This might be duerbduction of metabolites secreted by
this strain, diffused and dissolved into the c@toredia.

The possibility of controlling the soil-borne patfems by introducing specific
antagonistic bacteria to infected soil has beerresitely investigated during the last
decades. Extensive research has demonstrate@abdtus spp. could have an important
role in agriculture and horticulture in improvingop productivity. They have the capacity
to colonize the rhizosphere and phyllosphere angrdduce a broad spectrum of bioactive
metabolites with antagonistic activity, among whaae: cyclic lipopeptides (CLPs) of the
surfactin, iturin and fengicin families [6, 7, R,113]. Moreover, these bacteria are able to
exhibit hyperparasitic activity, attacking pathogey excretion lytic enzymes that can
hydrolyze a wide variety of polymeric compoundsgliing chitin, protein, cellulose
[7, 14]. Fungistatic activity is conditioned by nyafactors, primarily depends on the
biological properties of the strain, susceptibildy the fungus and the number of the
antagonist compared to the population of patho@8h [

It is well known that production of most of antibi@s and its antagonistic properties
are dependent on the composition of medium wherentitcroorganisms is grown [16-18].
Fructose, sucrose and mannitol in the concentrdfférwere better as carbon sources than
glucose or glycerol for iturin A production [17]slam et al [18] reported that mannitol
(1%) was selected as the optimum sources of carfeoryse in production of antibiotic
substances byB. subtilis C9. The antifungal substance has been widely tegoin
B. amyloliquefaciensultures [10]. For exampl&. amyloiquefacienEZB 42 is known to
produce of both bacillomycin and fengycin which camppresd=. oxysporium[9]. Mitoi
et al [19] observed drastic modification of cetusture, which can indicate a lytic effect of
antagonistic bacteria against fungi, like degramaibf membrane system, apparition of
protuberance, formation of fibrous layer on the eousurface of the fungi cells,
plasmalemmal detachment, constriction of cytoplasihdegradation of membrane system.
The antifungal activity of iturin lipopeptides islated to their interaction with cytoplasmic
membrane of terget cells leading to an increas€ ipermeability [19, 20].

In addition, these substances not only inhibit [thear growth of colonies, but also
inhibit the formation of spores or sclerotia. Irititn of mycelial growth and production of
morphological elements may significantly reduce shevival of pathogens in the soil [21].
Bacillus amyloliquefacienstrains were reported effective for the bioconwblmultiple
plant diseases caused by soilborne or post-hapathbgens. These bacteria can strongly
inhibit the growth of many plant pathogenic furgg Alternaria sp., Fusarium spp.,
Glomerella cingulataPhytophthora drechslerBotritis cinerea[15, 18, 19, 22]. According
to Saideelfeen et al [23] the twenty seven of fofitye Bacillus isolates displayed
antagonism againgt alternatain-vitro, due to the production of antimicrobiarapounds.
Since theAlternaria species infect crops of economic importance, tieeestrong need to
effectively control for this pathogen.

Therefore B. amyloliquefaciensmay be an alternative to the use of chemicals, as
according to the directives of the European Uniilhseeks systematically to limit the use
of chemicals in the environment.
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Conclusions

The growth ofAlternaria sp.was 6-fold and 5-fold slower after application efcterial
culture with a density of 2.0, respectively on PRAd Czapek media, compared to the
control test. Furthermore, it was a slightly strenginhibitory activity of
B. amyloliquefacien®n PDA medium, wherein the carbon source was gkidban on
Czapek medium where the carbon source was sucftie . difference was about 1-2%.
The linear growth of the fungus was inhibited mateongly by bacterial cells (BC)
(approximately 1-3%), compared to the cell-free esnptants (CFS), regardless of the
density of the cells and type of mediufraking into account all the analyzed factors, the
application of bacterial culture with a density 200 on PDA medium, resulted in the
slowest the growth of this fungus, approximately@®B8ompared with the control trial.
Results obtained in this study suggested Bhaamyloliquefacienstrain produced either
a broad-spectrum antimicrobial compound or sevii@dctive compounds with different
activities making it a potential candidate for us¢éhe biocontrol of fungal plant diseases of
agricultural importance.
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SKUTECZNOSC PRZECIWGRZYBOWA Bacillus amyloliquefaciens
WOBEC Alternaria sp.

Samodzielna Katedra Biotechnologii i Biologii Motg&rnej, Uniwersytet Opolski

Abstrakt: Celem przeprowadzonych bada byta ocena  wigiwosci przeciwgrzybowych
B. amyloliquefacienswobec Alternaria sp. W badaniach uwzginiono trzy parametry: e¢gtas¢ komorek
bakteryjnych, rodzaj podia oraz wptyw hodowli zawieragej komorki bakterii lub ptyn pohodowlany. Ogen
wihasciwosci - antagonistycznych metabolitbw bakteryjnych progmdzono metagd hodowlano-ptytkow

z zastosowaniem podip Czapka i PDA. Hodowl prowadzono w temp. 25 #2°C przez 14 dni. Na padsta
indeksu tempa wzrostu okiteno aktywnd¢ fungistatycza B. amyloliquefaciensBadania wykazaly rinice
w aktywndci metabolicznej bakterii w zatrosci od analizowanych parametréw. Liniowy wzr@dternaria sp.
byt prawie 6-kronie stabszy na podio PDA i 5-krotnie stabszy na podio Czapka po zastosowaniu hodowli
bakterii o gstdsci E = 2,0. Ponadto nieznacznie silniejsze $edaosci hamujce B. amyloliquefaciens
odnotowano na pgwce PDA, w ktorejzrodiem wegla byta glukoza, ri na paywce Czapka zawiersgej
sacharoz. R&nica ta wynosita okoto 1-3%. Liniowy wzrost grzybg réwniez silniej hamowany o ok. 2-3% po
zastosowaniu hodowli bakteryjnej w poréwnaniu dpesnatantu, niezataie od gstasci komoérek i rodzaju
pozywki. Bioragc pod uwag wszystkie analizowane czynniki, zastosowanie hdidbekteryjnej o gstasci 2,0

i pozywki PDA spowodowato zmniejszenie tempa wzrostwtggzyba o okoto 83% w poréwnaniu do préby
kontrolnej.B. amyloliquefaciensoze znalé¢ szerokie zastosowanie w procesie ochrosiimrg@rzed chorobami
wywotanymi przezZAlternaria sp.

Stowa kluczowe:Bacillus amyloliquefacieng\lternaria sp., aktywné¢ przeciwgrzybowa
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THE IMPACT OF AN IRON-BASED MODIFIER FOR LIQUID
FUELS ON HUMAN HEALTH AND THE ENVIRONMENT

WPLYW NA SRODOWISKO | ZDROWIE CZLOWIEKA
MODYFIKATORA ZELAZOWEGO SPALANIA PALIW CIEKLYCH

Abstract: It is necessary to use specific modifiers in otdereduce harmful emissions arising in the conibost
of liquid fuels into the atmosphere. Such modifiedude organic metal salts which are solubleuiel§ and tend
to form metal oxides under combustion process ¢mmdi, improving the oxidizing properties of fuelBhe
modifier, described in this paper was used in ofuiel combustion tests, showing a desirable efféceducing
CO, NQ and hydrocarbon emissions. For such modifiers ¢oapproved for use, examination of their
physico-chemical, toxicological and ecotoxicologipsoperties is required according to REACH Regdatat
REACH is intended, first of all, to provide appriate protection to the environment and human hgatltiile
striving to maintain competitiveness of Europeatesprises in the global market. Discussed in thipap is the
effect of an iron-based modifier for liquid fuels dwuman health and on the land and air and thetiaqua
environment. The modifier was subjected to physitemical analyses, and toxicological and ecotogigichl
tests in accordance with good laboratory practite @ECD guidelines. The test results indicate th@tmodifier

is a safe substance, posing no hazard to humati leedghe environment.

Keywords: fuel modifiers, toxicology, ecotoxicology, combuwstj liquid fuels

Introduction

Fuel combustion processes generate harmful emgséimo the atmosphere. Specific
additives are used commercially in the power ingusd reduce such emissions. Such
additives include modifiers based on organic mesdts, dispersed in organic solvents,
which are soluble without limitations in the comtadsliquid fuels. Testing of the product
is required, to determine its toxicological and teg@ological properties in connection
with the intended launching of a facility producib@0 Mg per year of the modifier [1].

The toxicological tests are intended to assessusmesirable or harmful effect of
chemical substances or other factors on living miggas, and to perform a probability
analysis for their occurrence in various exposunediions. Living organisms are exposed
to the combined positive and negative effect ofnuical substances and environmental
conditions during their growth and development. Biserved impact is the response of
such living organisms to their exposure to all bigtally active components [2, 3].

Ecotoxicological properties are established in érations of organisms, populations,
communities, biocenoses, and ecosystems in thectagibetheir exposure to chemical
factors, their penetration from the environmenbittte organisms, as well as any toxic
effect that may occur. Ecotoxicology as a sciereaglwith the impact of toxic substances
on the biocenosis, especially on the parametetbeofife cycle of organisms in natural
conditions. Such life cycle parameters include:radpction, lethality, life span, and
maturing time [4].

! Faculty of Mechanical Engineering, Opole Universitf Technology, ul. Prészkowska 76, 45-758 Opole,
Poland, phone +48 77 449 81 11
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Discussed in this paper is the effect on human tlheahd the environment
of an iron-based modifier for liquid fuels. The mesary tests, enabling the assessment of
risks to human health and the environment, wereiechiout, in accordance with Good
Laboratory Practices, at the Institute of Industtieganic Chemistry, Pszczyna, Poland.

Methodology
Assessment of environmental risks

Ecotoxicological tests were carried out on the exanof respiration inhibition of
micro-organisms in activated sludge according t@COE5uideline No. 209 (Method C.11)
[5, 6]. The test was intended to assess the toffiecteof an iron-based modifier
on micro-organisms in activated sludge. The testesy was a mixture comprising water,
a synthetic sewage feed, activated sludge, anfiteenee material solution.

Two sets of test samples were prepared in thealréttperiment: one set comprising
a nitrification inhibitor. A N-allylthiourea (ATU¥olution at a concentration of 2.32 gi&im
was used for inhibiting nitrification.

Every test system included an abiotic control (demip), experimental control
(samples k-Fgy), samples containing the test materigh{Fs) and samples containing the
reference material @r-Fgrs). Activated sludge from a biological waste-watezatment
plant was used as a microbial inoculum.

The respective amounts of the test material compisrage shown in Table 1.

Table 1
Amounts of components in the respective mixturest (naterial: iron-based modifier)
Components of mixtures Amounts in test vessels
Fr1 Fro Fras Fgi2 Fa
Test material [mg] 5 50 500 0 500
Synthetic sewage feed [dm 0.016 0.016 0.016 0.016 0.016
Activated sludge [dri) 0.25 0.25 0.25 0.25 0
A volume of water was added to obtain a total
Water [dni] of 0.5 dnf in every test vessel
Total volume of mixture [drf) 05 [ 05 ] 05 | 05 | 0.5
Concentrations in the mixtures:
of test material [mg/dh 10 100 1000 0 1000
of activated sludge (suspended solids) [gjdm 1.5 1.5 15 1.5 0

All mixtures were aerated intensely and incubatedtifiree hours. The test material
was used in the following concentrations: 10.0; .000000.0 mg/dfh The reference
material was used at the following concentratidhs; 5.0; 10.0; 20.0; 50.0 mg/dnEach
sample was transferred into a BOD bottle after &@and the concentration of oxygen was
measured within 10 minutes using an oxygen eleetrod

Oxygen consumption rateR), as expressed in milligrams per liter per hour
[mg/dnt-hr], and specific respiration rat&d, as expressed by the amount of oxygen
consumed by 1 gram of dry weight of the microbietiveated sludge per hour [mghg],
were calculated using the following formula:

R:( 1_Q2)/At [60 (1)
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whereQ, is the oxygen concentration at the beginning o&sneement [mg/dfh Q, is the
oxygen concentration at the end of measurement dmiy/ At is the duration of
measurement:

R, =R/SS (2)
where SS- suspended solids concentration, as found abégnning of the experiment
[g/dn].

Based on the data obtained from Equations (1) apdHe inhibitory effect of the test
material on micro-organisms in the activated sludges measured. This enables the
calculation of the value of Eg defined as the statistical effective concentratiwhich

induces in the environmental sewage feed a regpirathibition of 50% [2]. The value of
EGCso was calculated using the software ToxRat Profess$id.10

| = [1—%} X100 [%] 3)

wherel is the percentage of respiration inhibitiéhis the oxygen consumption by the test
sample [mg/dmhr], R is the oxygen consumption by the abiotic conteg{dnt-hr], R is
the oxygen consumption by the experimental corfitng/dnt-hr].

Assessment of risks to human health

Toxicological tests were carried out according #6GID Guideline No. 405 (Method
B.5) for the acute irritation/corrosion of the @perabbit [7, 8]. It was the objective of the
test to provide information about the potential Itreaisks, caused by the impact of the
iron-based modifier on the eye.

Table 2
Grading of ocular lesions [6, 7]
Cornea (opacity: degree of density)
No ulceration or opacity 0
Scattered or diffuse areas of opacity, detailsisfdlearly visible 1
Easily discernible translucent area, details sfstightly obscured 2
Nacrous area; no details of iris visible, size gpipbarely discernible 3
Opaque cornea, iris is not discernible throughotbecity 4
Iris
Normal 0
Markedly deepened rugae, congestion, swelling, mabeldnyperaemia or injection; iris is reactiveight | 1
Hemorrhage, gross destruction, or no reactiorgtd i 2
Conjunctiva - redness (refers to palpebral or bulbaconjunctiva; excluding cornea and iris)
Normal 0
Some blood vessels hyperaemic 1
Diffuse, crimson color; individual vessels not dadiscernible 2
Diffuse, beefy red 3
Conjunctiva - swelling (refers to eye lids and/or ittitating membranes)
Normal 0
Some swelling above normal 1
Obvious swelling, with partial eversion of lids 2
Swelling, with lids about half closed 3
Swelling, with lids more than half closed 4
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In the experiment, 0.1 chof the test material (iron-based modifier) was|ppinto
the conjunctival sac of one eye of a test aninted; dther eye, which remained untreated,
served as a control. The test was carried outrigetlinimals to confirm the actual irritant
effect or absence of irritation.

For the duration of the experiment, the animalsevgibjected to daily general clinical
observation in respect of disease incidence amgligt. Detailed clinical observations for
any lesions in the cornea, iris and conjunctivaensssessed after the lapse of 1, 24, 48 and
72 hours from the application of the test material.

The scoring of acute irritation/corrosion of theeewas defined using the grading
of ocular lesions (Table 2). The grading conceesohs in the cornea, iris and conjunctiva.

Results

Assessment of environmental risks

After the experiment, the following calculationsre@enade for every sample: oxygen
consumptionR), specific respiration ratdi§) and percentage of respiration inhibitiohi6
micro-organisms from activated sludge by the teatenial (iron-based modifier). The test
results are shown in Table 3.

Table 3
Results of tests for various concentrations ofittve-based modifier
Oxygen Specific respiration | Percentage of respiration inhibition
consumption rate in micro-organisms from activated
[mg/dm*hr] [mg/g-hr] sludge [%)]
Control 32.46 21.64 -
Test material concentration
10 mg/dn”i 32.70 21.80 0.74
Test material concentration
100 mg/drﬁ 32.28 21.52 2.03
Test material concentration
1000 mg/drh 31.94 21.29 3.08

It was established that the concentration of tlum-lvased modifier, causing 50%
percentage of respiration inhibition in micro-orgams from the activated sludge (&L
was higher than 1000 mg/dm

Assessment of risks to human health

Ocular lesions were observed in the conjunctiveabwbits after application of the test
material (iron-based modifier), although such clengvere not detected in the iris or
cornea. Clinical observation 1 hr after the tedbstance application detected diffuse
crimson redness in the conjunctiva in three rablEitcxompanied by congestion of the
nictitating membrane and circumcorneal injectiororver, minor conjunctival swelling
and swelling of the nictitating membrane was foumdabbits 2 and 3, while swelling of
the nictitating membrane alone was observed initdbb

24 hours after the test substance application,itaiband 3 showed hyperaemia of
some blood vessels and of the nictitating membnahéde rabbit 2 showed diffuse crimson
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redness, hyperaemia of the nictitating membranecemedmcorneal injection. In addition,
swelling of the nictitating membrane was observerhbbits 1 and 2.

Clinical observation 48 hours after the test sulstaapplication showed hyperaemia
of some blood vessels and of the nictitating memdran the conjunctiva in the three
rabbits. 72 hours after the test substance apjolicato ocular lesions were found in the
conjunctiva in rabbits 1 and 3 while only rabbit@ntinued to have hyperaemia of some of
its blood vessels and of the nictitating membrane.

Table 4 shows grading of acute eye irritation/ceion based on the grading scale
referred to in Table 2, pursuant to OECD Guide#8& (Method B.5). The effect of acute
eye irritation/corrosion in rabbit was assessedetbasn average results observed after
24, 48 and 72 hours. Pursuant to the OECD Guidefiemults observed 1 hour after the
application of the iron-based modifier are omittexin such grading.

Table 4
Grading of acute eye irritation/corrosion

. After Average results after

Rabbit Eye part 1hr 24 hrs 48 hrs 72 hrs | 24,48 and 72 hours
Cornea 0 0 0 0 0.0
1 Iris 0 0 0 0 0.0
Conjunctiva - rednesp 2 1 1 0 0.7
Conjunctiva - swelling 1 1 0 0 0.3
Cornea 0 0 0 0 0.0
2 Iris 0 0 0 0 0.0
Conjunctiva - redness 2 2 1 1 1,3
Conjunctiva - swelling 1 1 0 0 0.3
Cornea 0 0 0 0 0.0
3 Iris 0 0 0 0 0.0
Conjunctiva - rednesp 2 1 1 0 0.7
Conjunctiva - swelling 1 0 0 0 0.0

Analysis of the test results
Assessment of environmental risks

The results of tests of the iron-based modifieidate that, in experimental conditions
in a test concentration range from 100 to 1000 md/dthe test material shows
an inhibitory effect on respiration of micro-orgamis in activated sludge. The test material
concentration for which 50% respiration inhibitiofi micro-organisms in the activated
sludge was observed (Efis higher than 1000 mg/dm

Respiration rate in the control wd& = 21.64 mg/dr (Table 3), which seems
a reliable result because it is higher than thétilig result of 20 mg of oxygen per gram of
activated sludge per hour.

Assessment of risk to human health

After application of the test material (iron-baseddifier), no ocular lesions were
detected in the cornea and iris while the conjwactf the test animals showed only
temporary lesions. Average results after 24, 487hébr the conjunctiva (in three rabbits)
were 0.9 for the redness and 0.2 for the swelling.
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Based on the above results, it was found, pursieaAnnex to the Regulation of the
Minister of Health of 10 August 2012 on the criteeind methods for the classification of
chemical substances and mixtures, that the iroaébasodifier for liquid fuels has no
irritant effect on the eye in rabbit [9].

Moreover, pursuant to Regulation of the Europeatid®aent and of the Council (WE)
No. 1272/2008 of 16 December 2008 on the ClassificaLabelling and Packaging of
Substances and Mixtures (CLP), the iron-based neodibr liquid fuels is not categorized
which means, it is not a hazardous substance asespw risk to human health [10].

Summary and conclusions

This paper presents the results of toxicological aaotoxicological tests on two
selected examples. The toxicological results aseudised using the example of acute eye
irritation/corrosion test in rabbit. No ocular less were observed in the cornea or in the
iris while only temporary lesions were detectethi@ conjunctiva.

Ecotoxicological tests are discussed on the bakithe® percentage of respiration
inhibition in activated sludge. The test resultdidate that the modifier's concentration
causing 50% respiration inhibition in micro-organg in activated sludge is higher than
1000 mg/dm

Other results of toxicological and ecotoxicologicests indicate that the test
iron-based modifier for liquid fuels is a safe dalpse, posing no risk to human health or
the environment. Such tests, although not discuss#liis paper, are going to be used for
preparing registration documents for the producteurREACH.

Based on the test results and pursuant to the Atintise Regulation of the Minister of
Health of 10 August 2012 on the criteria and meshfmt the classification of chemical
substances and mixtures [9], the iron-based madiieliquid fuels is found to be a safe
substance, posing no risk to human health and ¢oldhd and air and the aquatic
environment.
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Abstrakt: W celu ograniczenia emisji szkodliwych produktévalsmia paliw cieklych do atmosfery wyptije
koniecznd¢ stosowania specyficznych modyfikatoréw. Jednynich & rozpuszczalne w paliwie organiczne sole
metali, ktére w warunkach procesu spalania twditenki metali poprawiace wilasnéci utleniapce paliw.
Opisany modyfikator zastosowany zostat w testacklasia paliwa ciektego, gdzie wykazat korzystny yvpt
w ograniczeniu emisji wglowodoréw, CO i NQ Dopuszczenie do stosowania 2@y wymienionych
modyfikatorow wymaga okgtenia ich wlasnéci fizykochemicznych, toksykologicznych i ekotoksyégicznych
w ramach rozporgzenia REACH. Najwaniejszym celem tego rozpadzenia jest zapewnienie wtwej
ochrony zdrowia ludzkiego isrodowiska przy jednoczesnymazeniu do zachowania konkurencyfco
europejskich przedsbiorstw naswiatowym rynku. W pracy przedstawiono wptyw na zdie cztowieka oraz na
srodowisko wodne,gdowe i powietrzne modyfikatorzelazowego do paliw ciektych. Badania fizykochemiazn
toksykologiczne i ekotoksykologiczne tego dodatkyk@nane zostaty zgodnie z dabpraktylks laboratoryja
oraz wytycznymi OECD. Na podstawie uzyskanych wgmikbada stwierdzono, 7 badany modyfikator jest
substangj bezpiecza i niestanowica zagraenia dla zdrowia cztowieka oramdowiska.

Stowa kluczowe:modyfikatory paliw, toksykologia, ekotoksykologgpalanie, paliwa ciekte
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CHARACTERISTICS OF PELLETS MADE
FROM DIFFERENT PLANT MATERIALS

CHARAKTERYSTYKA PELETOW WYKONANYCH
Z ROZNYCH MATERIALOW RO SLINNYCH

Abstract: The aim of this research was estimation of theattaristic properties (energy and qualitative) of
pellets, which were made from different plant biesaln this research the spruce wood sawdust pefiw
wheat pellets, straw rape pellets and hay pelftzd(iced in a large scale companies) were usealddition, in
this research the same kinds of these pellets used, but produced in domestic conditions. Theyaral were
conducted in the laboratory of the Faculty of Matbal Engineering University of Zilina, in Februa2@14. The
following parameters were analyzed: moisture cdntetal heating value (calorimeter LECO AC 500 wagd)
and calorific value. The aim of the qualitative leretion of these pellets, water test was conduateimechanical
durability was estimatedThe research indicated that the spruce wood sawghlits and straw rape pellets
(produced in a large scale companies) were chaizadethe lowest moisture content (respectively86add
6.91%) (this is main parameter, which influencesnpargetic value of pellets) and the highest vahigstal heat
(respectively 20.16 and 18.65 MJ/kg). The higheshtent of moisture and the lowest energetic value
characterized the every pellets, which were producelomestic mill.

Keywords: pellets, total heating value, biomass

Introduction

The development of renewable energy constitutesieiat role for the future. Many
studies in this field are conducted on the wholeldvoOne of the main sources of this
energy is plant biomass. The conducted studiegatglithat biomass plant will be basic
sources of renewable energy in the coming yearsTh¢ easy process of the biomass
combustion and easy availability of this materia@luge that plant biomass becomes
a competitive for fossil fuels [1-3]. In additionpmbustion of the plant biomass causes
reduction of sulfur oxides and nitrogen oxides $4., Pellets are usually produced from
a variety of residue feedstocks, for example: stmawdust, wood (agricultural and forest
biomass). They are produced from shell of somesfrand seeds, too. They are easy to
store and transport [6-8]. It can cause that theyralatively cheap and they may also be
used for production of energy through combustioasification and other chemical
conversion processes [9, 10]. They are cylindeth widiameter of 6-10 mm and a length
of 10-50 mm manufactured from raw wood (chips, sastid They are made by
compression process called pelletizing [11, 12]eylldon’'t usually contain chemical
additives [11, 13]. Sometimes, pellets contain tweh, for example limestone [14],
dolomite, diatomite and potato starch [15, 16]. Sghadditives are used for improve their
qualitative and calorific properties. In opinion i8a et al [17] addition kaolin to pellets can
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improve their sintering characteristics. The prduurc of pellets in Slovakia achieved
120 000 Mg in 2008 year in turn, in Poland productiof pellets in 2008 achieved
400 000 Mg, which 220 000 Mg were exported [8]ntticates the development this sectors
of the economy.

The aim of this research was evaluation of the attaristic properties (energy and
gualitative) of pellets, which were made from difet plant biomass.

Methods

In this research were used different types of besnzellets:
- the spruce wood sawdust pellets (SWSP)
- the straw wheat pellets (SWP)
- the straw rape pellets (SRP)

- the hay pellets (HP).

These pellets were produced in large scale compafileese companies have usually
perfect working automatic technology and it can kvaith no failures. Pellets made by
them have appropriate certifications [18]. Costhefse pellets is usually very high.

Sometimes some people, who want to save money,upeogellets in domestic
conditions. These pellets have usually the lowealityy because used pressures of
compression are much lower. For comparison, in teisearch pellets produced on
experimental domestic pellet mill were presentdtere were:

- the spruce wood sawdust pellets ex (SWSP ex)
- the straw wheat pellets ex (SWP ex)
- the straw rape pellets ex (SRP ex)

- the hay pellets ex (HP ex).

The aim of the energetic estimation of these peltbe following parameters were
determined:

- Moisture content - it was measured according d E774; it was used drying
analytical scale RADWAG 50 SX. A sample of pell@pprox 10 grams) was placed
on a metal plate in the analytical scale. Thenai$ been recorded the wet pellets
weight. The sample was dried at about 120°C [14] after that it was recorded the
dry pellets weight. The moisture content of theeg@samples was estimated based on
the weight difference (between the wet pellets Weand the dry pellets weight). The
2 measurements were made for each sample. The¢ oéslué moisture content was the
average value.

- Total heating value - it was determined accordm¢SO 1716 by using of calorimeter
LECO AC 500. The tested samples of pellets withgiweabout 1.0 g were burned in
combustion vessel, which was filled with oxygenatgressure 31.0 bar. Combustion
vessel was immersed in 2.0 Yof distilled water. During burning of the samplése
increasing temperature of water was measured.

Calorific value of fuel@Q; - it was calculated based on the following formd/a]:

Q =18.84-0.217w (1)
wherew - moisture content of fuel.
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The aim of the qualitative evaluation of these gislithe following parameters were

determined:

Water test - this method allows only approximagalitative assessment of pellets and
serves only to compare different pellets (which mazle from various plant biomass).
This method based on the measurement of the tidaltehration time of chosen
pellets. From each sample two large pellets atstmme size were selected. These
pellets were placed in a glass beaker filled wititer of about 0.2 din Then the
disintegration time was measured until the peltetee disintegrated completely. The
longer the disintegration time of pellets was iadiédl higher quality of these pellets.
Mechanical durability (DU test) - this parameigmla measure of biofuel resistance on
the impacts and abrasion, which are caused bypoansnd transhipments [6, 19].
This parameter was determined according to EN 13810sing of special device -
LignoTester (Fig. 1). There 100 g of pellets samplced in stream of air for 60 s
with pressure of air 70 mbar and after this waspdamweighted.

Amount of fines (F test) - this parameter wa atseasured in Lignotester (Fig. 1),
where samples were placed in stream of air for @ltspressure of air 30 mbar. After
this was weighted amount of fines under the siBires should preferably be less than
1% by weight. If fines arrive in the burning chambthe flame may get too hot as
fines particles burn faster than pellets. In thesiv@ase the ash might sinter, which
means that the burner must be cleaned after itdaled down.

The high quantities of fines are produced in theragie system. It can cause

operational failures. In turn, minimal amounts wfek in the storage system indicate on
a high quality of pellets [3, 20].
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Fig. 1. Lignotester [21]

Results

As a result of conducted research was ascertainetithe spruce wood sawdust pellets

and straw rape pellets were characterized the lomessture content (respectively 6.88 and
6.91%). This value of moisture content is very goeelcause commercially made pellets
have normally moisture content about 7-10%. Thesléefs were also characterized the
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highest values of total heat (respectively 20.16 &8.65 MJ/kg) and the highest values of
calorific values (respectively 17.35 and 17.34 MJ/kFig. 2). These values depend on
input material properties, kind of pellets and prgpion technique, too (not only moisture
content) [6].

For comparison, there was presented the resuttsegbellets, which were made at the
domestic conditions. These results are very inteigesThe SWSP ex achieved the high
value of moisture content (9%), but the valuestdltheat were almost the same how straw
rape pellets (18.67 MJ/kg).

Other pellets made at the experimental conditioeseveharacterized by highest values
of moisture content (9.6% for SRP ex, 10.2% for S¥Rand 10.3% for HP ex) and at the
same time they achieved the very low values ofl to¢at (respectively 18.11, 18.01 and
17.94 MJ/kg) and calorific values.

It can indicate that SWSP ex pellets were made flatier input material during
production than others.

== total heating =D calorific value ==jll=moisture content

MIkg] 25+ — 12 [%]

+ 10

— 0
SWSP SRP SWP HP  SWSPex SRP ex SWPex HPex

Fig. 2. Moisture content [%], total heating valddJkg™] and calorific value [Mkg™] of pellets samples

The results of qualitative analysis indicated tihat straw wheat pellets and straw rape
pellets were characterized the longest time ofntigiration in water test (respectively
20 and 18 min). Very interesting results were nesgtifor the SWSP and SWSP ex (there
was decay after respectively 4 and 1.5 min) andiHerHP and HP ex (there was decay
after respectively 6 and 1 min) (Table It)can indicate that these kinds of pellets were
characterized by the bad quality.

In contrast to the relatively high energetic vaJud®se pellets achieved very poor
quality in water test. Pellets with good qualityncachieve 15-20 minutes disintegration
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time. These pellets disintegrated after very shime. It is probably caused by bad
conditions of packaging and lack of or poor of adsage binder (for example glycerol,
lignin and dolomite). The suitable content of bindeproves their molecular structure and
influences on final quality of product.

DU test showed that every pellets produced in gelamompanies achieved the high
mechanical strength, which was oscillated betw8&6% in DU test (SWSP and HP) and
99% in DU test (SRP). In turn, pellets producedamestic conditions achieved the lower
values. They were oscillated between: 91.1% in B&l (SWSP ex) and 57.6% in DU test
(HP ex) (Table 1).

The lower values of abrasion durability for thes#igis can result from bad conditions
of storage and transport. If there was the hightenfiperature in storehouse, it could
influence on the lower mechanical strength.

Part by weight of the small particles (F test) bastd between 0.05% (SRP) and
0.34% (SWSP). It was ascertained that pellets, lwhicere made in experimental
conditions, were characterized by the higher pérgmanrticipation the small particles
(0.92% in F test for SWSP ex and 7.27% in F tesHi® ex) (Table 1). The high last values
can result from bad quality of packaging. If thdlgte are packed loosely, probably they
will move and wipe out for each other. Then casethe greater fraction of fine dust. The
worst results were obtained for both types of heljeps (both in DU test and F test).

Differences between pellets produced in large coniggaand domestic conditions are
caused by pressure difference in production. Rejpedduced of experimental domestic

pellet mill don’t achieve high pressure of compmassIt probably causes crushing and
shredding of pellets.

Table 1
Quality parameters of pellets samples

Samples DU test F test Water test (disintegration time)
Unit [%] [%] [min]
SWSP 97.6 0.34 4
SWP 98.9 0.12 20
SRP 99 0.05 18
HP 97.69 0.274 6.30
SWSP ex 91.1 0.92 15
SWP ex 69.02 3.75 3
SRP ex 78.69 2381 3.40
HP ex 57.69 7.274 1.10

Discussion and conclusions

The conducted research expressly indicated thabdisé quality properties (DU test
and F test) achieved straw rape pellets producddrige companies. In turn, the spruce
wood sawdust pellets ex achieved the best qualdyegrties from pellets made of domestic
mill. Other pellets from this group characterizég@ significantly worse quality (DU test
and F test mainly indicated for this).

The best calorific properties achieved three graafgsellets: SRP and both SWSP and
SWSP ex. The similar results referring to straw erapellets were achieved by
Kachel-Jakubowska et al [19]. The best quality ealdrific properties of straw rape pellets
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investigated by her were achieved. In opinion Ja&duband Kordylewski [22] the
significance of straw rape pellets increases ant giow, because they are useful for
combustion in the different kinds of boilers (forample dust boilers and grate boilers).
The good quality of different pellets depends om ¢bntent of moisture and the method of
stored [3].

In turn, the worst calorific properties charactedzhe every pellets, which were made
of domestic mill. These pellets stand out the neddy high water content (9% - SWSP ex,
10.3% - HP ex). This feature influenced on detation of the energetic properties of these
pellets. The every pellets produced in domestiaitmms were characterized by very short
disintegration time in water test. This time ost#ld between 1.10 min (HP ex) and
1.5 min (SWSP ex). It was probably result the latkgood binder or small its contents. In
opinion Holubcik and Jandacka [21], Sarenbo andesdan [14] the addition of talc,
dolomite and limestone to wood pellets causes ingiqualitative structure and extension
of pellets disintegration time.

Pellets without good binder easily can be liablesbing and shredding during
packaging and transport [14, 23]. The every pelf@tsduced in domestic conditions
achieved the worst abrasion resistance (91.1% -FS#&&and 57.6 - HP ex in DU test) and
the highest amount of small particles (respectivel92% and 7.27% in F test). The
relatively high amount of small particles can iefice on that the part of the fuel can fly to
flue gas. It can result from bad packaging metH@d$ In conclusion, it can be said, that
pellets, which are produced in experimental doroeptllet mill didn’'t achieve good
quality.
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CHARAKTERYSTYKA PELETOW WYKONANYCH
Z ROZNYCH MATERIALOW RO SLINNYCH

Instytut Ochrony i Inynierii Srodowiska, Akademia Techniczno-Humanistyczna wdkielBiatej, Polska
2Katedra Energetyki, Wydziat hynierii Mechanicznej, Uniwersytet @ylinie, Stowacja

Abstrakt: Celem bad@ byta ocena charakterystycznych (energetycznyetkasgiowych) wiaciwosci peletow,
wykonanych z rénorodnej biomasy &innej. W badaniach wykorzystano: pelety wykonarteozin drzewnych
swierkowych, stomy pszenicznej, stomy rzepakowezaasiana (produkowane w zich firmach). Dodatkowo
w badaniach tych wykorzystano te same rodzaje g&|edle produkowanych w warunkach eksperymentalnych
Analizy prowadzono w laboratorium Katedry Technihergetycznej Uniwersytet@ylinskiego w Zylinie

w lutym 2014 r. Brano pod uwagastpujace parametry: zawaidé wilgotnasci, ciepto spalania (wykorzystano
kalorymetr LECO AC 500) oraz waibopatova. W celu oceny jakiziowej badanych peletéw przeprowadzono
takze test wodny oraz zbadano ich mechanjcarytrzymala¢. Badania wykazatyze najnisz wilgotnacscia
(gtéowny parametr wpltywapy na warté¢ energetyczs peletéw) charakteryzowaltyespelety wykonane z trocin
drzewnychswierkowych oraz stomy rzepakowej (odpowiednio 6,891%) (ale produkowanych nazduskab

w wielkich firmach) i uzyskaly te najwyzsz wartas¢ ciepta spalania (odpowiednio 20,16 i 18,65 MJ/Kg).
Najwyzsz zawartdcia wilgotnasci i najnizszymi energetycznymi wiaiwosciami cechowaly si wszystkie
pelety, ktére byty produkowane w warunkach ekspemntalnych.

Stowa kluczowe:pelety, ciepto spalania, biomasa
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CONVERSION OF DIETHYLAMINE
INTO NITROGEN OXIDES DURING COMBUSTION
IN CHEMICALLY ACTIVE FLUIDIZED BED

KONWERSJA DIETYLOAMINY DO TLENKOW AZOTU PODCZAS SPA LANIA
W AKTYWNYM CHEMICZNIE ZtO ZU FLUIDALNYM

Abstract: Combustion processes of gaseous fuel (propandéputitand with addition of various amounts of
diethylamine in fluidized bed, made of chemicallytige calcium oxide, were run and studied. On thsid of
registered temperature, dynamic pressure in reactime and composition of exhaust fumes, analybis o
diethylamine conversion into nitrogen oxides ardiiifluence on kinetics of propane combustion pgsosas
carried out. The complexity of solid fuels (alteima or biomass which can contain large amount itbgen
compounds in a form of amines, heterocyclic complsyamino acids etc.) combustion caused that siptiéase

of researches, incineration of gaseous fuel was Ammine was dosed into the reaction zone in sucbusts,
which could give similar nitrogen oxides concerntratin exhaust fumes, to those registered from agstibn of
alternative fuels with high nitrogen content (cir880, 1800, 3250 ppm). Results of experimentake/oevealed
that up to 78% of nitrogen compound was convertedNO,. The conversion rate was higher when greater
amounts of (gHs).NH were dosed into reaction zone. The main nitrogede created within combustion was
nitric oxide, which constituted more than 95% datd\cO,. The remaining amount of amine was converted into
nitrogen. (GHs),NH influenced on kinetics of the propane combuspeoocess in noticeable way, but this impact
was also limited. Diethylamine and products ofdtgversion, such as radicals present in the corigougone,
influenced on oxidization reactions of carbon madexand volatile organic compounds.

Keywords: nitrogen oxides emission, fluidised bed combusti@iternative fuels combustion, biomass
combustion

Increasing energy demand causes, that fuels ditezra conventionaie biomass or
wastes, are more often applied as a sources afyeirecombustion processes next to fossil
fuels (coal, gas, oil) which are still main enegpurces. Combustion processes must be
carried out in the most effective way from econahiand what is very important
environmental point of view. Combustion of matesialich as biomass and wastes entails
various types of complications. Often they contaige amount of nitrogen compounds in
their composition in the form of amines, amidesiehmcyclic compounds etc. The main
products of their combustion are nitrogen oxidesictvhemission can reach up to
2500 mg/m [1]. Those oxides can be created during incinenafrom atmospheric and
fuel-nitrogen via thermalprompt or/and fuel nitrogen mechanisms [2-11]. In comioust
zone, nitrogen is present transiently in the rddiddCN, CN, HNO and NHwhich
transformations in this area lead to nitrogen oxidweation [4]. The fact is, that
maintaining temperature above 900°C in the freabmane of fluidized bed reactor, causes
that NO emission is significantly higher than endesof N,O and NQ [12].
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Reactions of nitrogen oxidation, especially fudgragen, are complex homogeneous,
heterogeneous or catalytic processes, what calugestearches on them are carried on all
over the world [13-20]. In the initial stage ofnoigen oxides creation from fuel nitrogen,
during coal combustion HCN is produced. This pétis one of the main intermediate
products of nitrogen oxidation, no matter how coemphe conversion process occurs. It is
also a product of decomposition of the amines @ itlitial phase of the process and its
further reactions lead to the formation of nitrogerides NO,. However, complex
composition and structure of solid fuels (biomasgastes) and specific hydrodynamic and
temperature conditions in a fluidized bed causedrdetailed course of their combustion is
not fully known. The goal of presented researclesoi get knowledge about issue of
conversion of fuel nitrogen into nitrogen oxidesongplexity of solid fuels combustion
process caused, that as the first phase of resmsambmbustion of propane with the
addition of controlled amounts of diethylamine veasried out. Amine (N-compound) was
dosed into the reaction zone in such amounts, wdachbe indicated in solid fuels.

Material and methods

Experimental researches were run in the laboratoaje, atmospheric fluidized bed
reactor, which was applied during previous expentmi®f combustion processes [3]. The
reactor was equipped with a system for supplyire, fygaseous and liquid mixtures such as
diethylamine.

The material of the bed, within all experimentssvedemically active calcium oxide
which particles size was from the range 0.5-0.6 ntsnweight was about 350 g and its
static height in reactor was approximately 41 mrhibwynamic conditions (temperature
~1000°C) height was increasing to approx. 100 mm.

The fluidized bed had a temperature control systensisting of a movable radiation
shield and blower of a cold air.

In aim of control of combustion processes andutther detailed analysis temperature,
exhaust fumes composition and dynamic phenomeng wegistered during whole
experiments. The temperature in the fluidized beak wneasured by a set of eight
uncovered thermocouples mounted in the reactor akigistances from 5 to 70 mm above
the distributor in parallel with measurements ryntlvo sheathed thermocouples which
joints were permanently mounted 20 and 50 mm abgae distributor. Dynamic
phenomena occurred during combustion were analymedhe basis of the registered
dynamic pressure changes. Registration was caotiedising a difference pressure sensor
mounted under gas distributor and by the microphehizh was located about 550 mm
above the surface of the bed. Measurements anddirge of exhaust fumes composition
were carried out using analytical equipment: tati@anic compounds analyzer equipped
with flame ionization detector (JUMModel 3-200); @, CO, NO, NQ, SO, analyzer
equipped with electrochemical detectors (ECOSG Plus); @ CO, CQ, SO, NO,, N,O
analyzer equipped with electrochemical, nondispersiR and chemiluminescence
detectors (Horibd PG250); FTIR analyzer equipped with Fourier transf IR detectors
(Gasmet DX-4000); Q, CO, NO, NQ, SO, CH, CO, analyzer equipped with
electrochemical, nondispersive IR detectors (MRario Plus).
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In the series of combustion experiments, propans iwainerated in fluidized bed
reactor with as well as without addition of dietlnyline. The series when only propane was
present in reaction zone were carried out to getperative data to the main part of the
process. Diethylamine conversion and influence wifine compound presence in the
reaction zone, as well as application of its déf@r quantities to the reactor, on the
conditions of fluidized bed combustion were anatiyzAll experiments were carried out
similar way. First stage was fluidization of thedbly air (rate of flow 1.66 difs) at
ambient temperature. Next step was starting upiethgamine dosage to the reactor, rate
of flow was maintained constant during one singkpegiment, whereas in subsequent
experiments different amounts of ,{f),NH were dosed (chosen rate of flows ensured
respectively concentrations of amine approx. 9@00land 3250 ppm in fuel-air mixture).
Third stage was initiation of propane dosing irte teactor (rate of flow ~0.043 dts),
which resulted in the creation of such fuel-air maie composition, that the air-fuel ratio -
Apeq- Was about 1.4. Start of propane addition wasvadpnt with ignition and beginning of
combustion process. In a subsequent step incinaratas carried out in a manner to obtain
a gradual increase in bed temperature from amité@mperature to about 1000°C and after
receiving it, cooling of the reactor with outside stream, to lower the temperature of the
bed, was run. In experiments without addition adthlylamine to propane, only the step
with dosage of this compound to the reactor wadtedhi

Results and discussion

Changes of location of reaction zone in a fluiditetl as well as dynamic pressure
and associated with those changes of chemicalio@aanechanisms, depended strongly on
temperature in combustion area. Additionally conipms of flue gases depended strongly
on temperature and whether diethylamine was orneasdded to the reaction zone. To get
knowledge about presented combustion processedysenaof those parameters, as
a function of the average bed temperature (medhnagtic of four temperature measured
by the thermocouples located from 10 to 30 mm abbeelistributor) was done.

Incineration under low bed temperature ~400°C, ezased on above the bed (higher
than 60 mm above the gas distributor) (Fig. laytHew increasing of the average bed
temperature caused increase of the volume of gasnity through the bed, what resulted in
increase of the bed height. After exceeding thepature above about 500°C, the highest
temperature measured in bed was located at sudfatee bed (combustion was taking
place at this location). Under average temperagb@/e 600°C combustion process runs
mainly in the bed (Fig. 1a). In parallel to changdésded height, changes of location of
combustion zone with average temperature in fledied were observed (Fig. 1a).
Combustion of only gaseous fuels with air, as veallwith addition to this mixture of
diethylamine, led to movement of the maximum terapee location in the bed (zone of
the most intense exothermic reaction) downwardsyatd the gas distributor with
increasing of average temperature (Fig. 1a). Wharage temperature in the bed was
above 840°C, combustion took place mainly in theaafrom 12 to 29 mm above the
distributor (Fig. 1a), because autoignition in blelsboccurred during the shorter time that
was necessary to pass their way through the baddtconclude that during combustion of
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propane with addition of diethylamine (1800 or 32%0m), area of the most intense

reactions was moving faster towards distributog(Ea).
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Fig. 1. Changes of chosen parameters of propanebusion processes with and without addition of
diethylamine: a) height of the fluidized beds% @) and the maximum temperature location during
process (amount of diethylamine addition to propam= - 0 ppm; emm» - 900 ppm;
e - 1800 ppm;emmm» - 3250 ppm); b) dynamic pressure registered byroplwone (amount of
diethylamine addition to propane: - 0 ppm; ems» - 900 ppm; emms» - 1800 ppm;
e - 3250 ppm) and pressure difference sensor (amofidiethylamine addition to propane:

-0 ppm;@» @ - 900 ppmm» @ - 1800 ppmess @ - 3250 ppm)

Registered dynamism pressure provided informatibout changes of the process
dynamics related with increase of the temperatBie P2]. When the temperature in the
fluidized bed was relatively low (lower than 500°G)jgnal amplitude in all analyzed
experiments was low, what was result of continumesnner of combustion in flame
(Fig. 1b). With the temperature increase, combuastio the bed surface was initiated. That
was related with the change of the combustion nmésha into periodic, explosive
combustion in large bubbles, what resulted in ameiase of registered acoustic pressure.
Within the temperature of about 700°C dynamicsamiuatic signals reached the maximum
level. Further increasing of temperature resultethé movement of process deeper into the
bed. Bubbles with gases exploding inside them bedasss noisy and the energy released
during the explosions was smaller what caused begetvith occurrence of high bed layer
located over the area of reaction, that registerenustic effects were lower (Fig. 1b).
Changes in the dynamic pressure recorded by mioraptand by difference pressure
sensor were similar in all experiments where dikettmne was added to the propane
(Fig. 1b). Different situation took place when omdyopane was incinerated. In this case
dynamic pressure (under the temperature lower 803C) was noticeably higher than in
the case of propane combustion with diethylamine.tii® other hand, within combustion
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in the bed (temperature higher than 800°C) acosmjital amplitude in this case was lower
(Fig. 1b). This can suggests that the kinetics mfppne combustion without and with

diethylamine addition is not completely similar.eBe phenomena could be a result of
amine influence on the rate of combustion reacti@@itange of activation energy of

particular reactions) which occurred in bubblesdiRals which were products of amine

conversion in reaction zone, caused that reactiith pwropane took place faster and

bubbles during explosion contained smaller amodrfuel than in the case where only

propane was incinerated. That could be a causegidtration of higher dynamic pressure
when only propane was combusted, because explosimsmore violent.

Combustion: o b) Combustion:
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Fig. 2. Changes of nitrogen oxides concentratiofiue gases as a function of mean bed temperad)reitric
oxide (amount of diethylamine addition to proparnm - 0 ppm; ess» - 900 ppm;

e - 1800 ppmessme - 3250 ppm); b) nitrous oxide (amount of diethylaenaddition to propane:

-0 ppm;@» @ - 900 ppmm» @ - 1800 ppmms» @ - 3250 ppm) and nitrogen dioxide (amount
of diethylamine addition to propane - 0 ppm; ems» - 900 ppm;emss» - 1800 ppm;
e - 3250 ppm)

The main products of diethylamine conversion, dyritombustion process, were
nitrogen oxides. When amine was not dosed intaehetion zone, concentration of nitric
oxide (the major oxide formed mostly by tpeompt mechanism during combustion of
hydrocarbon fuels in fluidized bed [2]) in the emba fumes did not exceed 30 ppm.
Nitrogen dioxide concentration was 3-4 ppm andon#r oxide concentration was lower
than the gas detector sensivity (Fig. 2b). In thes of experiments where diethylamine
was dosed into reaction zone, concentration & Nh exhaust fumes was relatively higher.
The efficiency of amine conversion intg@®), during combustion was up to 78% and was
higher when greater amounts of,Kg),NH were dosed into reaction zone. The main
product of these reactions was, as mentioned hefiitrec oxide which constituted more
than 95% of the total created nitrogen oxides (E&y.b). Except MO, no other compounds
containing nitrogen in their structure were detdctberefore it was assumed that nitrogen
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is the only other product of diethylamine convensimitiation of amine oxidation process
caused that concentration of NO in flue gases exhamaximum value 2530, 1350,
580 ppm, when amine was dosed to the bed in ragpeamounts of 3250, 1800
and 900 ppm, under temperature higher than 900R{C 2B). Concentrations of NGnd
N,O did not exceed respectively 70 and 30 ppm, wherhtghest amount of diethylamine
was added to the reaction zone (Fig. 2b).

Analysis of efficiency of NO formation from diettayhine as a function of temperature
revealed, that its maximum concentration occurrétiinvthe highest temperature. When
only propane was incinerated, concentration of NGrelased with increase of temperature.
Observed, different changes of nitric oxides cotregions with temperature in case of
propane combustion with and without amine, causessty of further detailed analysis of
these phenomena, because formation of NO in thethechses run under different kinetics.

In all experiments the amount of carbon monoxidhéexhaust fumes was increasing
sharply with temperature increase and reached #@sénrmum value at about 750°C (Fig.
3a). This was a result of the inhibitory effectoed, not hot enough, on the oxidation of CO
to CQ.. Further increase of temperature caused a ragictage of CO concentration in the
exhaust fumes (Fig. 3a). Addition of amine intoctean zone caused, that the highest CO
concentration in flue gases was about half lowecamparison to experiment when no
(C,Hs),NH was added to the propane (Fig. 3a).
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Fig. 3. Changes of chosen compounds concentratioflue gases as a function of mean bed temperature:
a) carbon monoxide (amount of diethylamine additiorpropane: - 0 ppm; e - 900 ppm;
e - 1800 ppmessme - 3250 ppm); b) volatile organic compounds (amaifrdiethylamine addition
to propane as in Figure a)

The highest concentration of volatile organic comps in the exhaust fumes was
about 480 mg/th in the case when propane was incinerated alorihinwvihe bed
temperature 650°C. In all experiments, obtainméterperature higher than 800°C caused
rapid decrease of VOC concentration in exhaust fu(rég. 3b). In experiments with the
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application of diethylamine, the maximum VOC cortcation was significantly lower
within temperature range 620-750°C, than for expent where only propane was
incinerated. Similarly to the case of carbon modexieactions, addition of diethylamine to
reaction zone influenced on VOC oxidization reatdio

On the basis of observed phenomena, it can be sedntihat radicals, which were the
intermediate products of diethylamine conversioareninvolved in the reactions of CO and
VOC oxidation.

Conclusions

Diethylamine, added to the propane during combnstidluidized bed, was converted
into NOy up to 78% and residual amine was converted intmgen. The degree of
conversion into KO, was higher when greater amount of amine was dogedreaction
zone. The main formed nitrogen oxide was nitricdeximore than 95%).

Radicals which were products of diethylamine cosier, present in the reaction zone,
influenced on reactions involving CO and VOCs. Theffected the acceleration of
oxidization processes. The degree of CO and VO@sarsion was at high level even by
temperature lower than 800°C, when the combustiok place yet near bed surface.

During combustion, BD was detected in flue gases at a level not exoge’ll ppm.

Effect of diethylamine on the kinetics of propamenbustion process is noticeable but
limited. It can therefore be assumed that amineachpvill also be noticeable during the
combustion of alternative fuels with high fuel-niflen content. Amines are in fact one of
the major compounds which are source of boundedgah in fuels. Their further reactions
lead to the formation of nitrogen oxides.
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KONWERSJA DIETYLOAMINY DO TLENKOW AZOTU PODCZAS SPA LANIA
W AKTYWNYM CHEMICZNIE ZtO ZU FLUIDALNYM

Wydziat Inzynierii i Technologii Chemicznej, Politechnika Kakska

Abstrakt: Przeprowadzono i przeanalizowano procesy spajmii?za gazowego (propanu) bez oraz z dodatkiem
réznych ilcsci dietyloaminy, w zlau fluidalnym zbudowanym z chemicznie aktywnego klenwapnia. Na
podstawie temperatury, scienia dynamicznego w strefie reakcji oraz sktagalia dokonano analizy procesow
konwersji dietyloaminy do tlenkéw azotu i jej wplywa kinetyl procesu spalania propanu. Zdoas¢ procesu
spalania paliw statych (alternatywnych lub biomdggre mog zawiera wysolg ilos¢ zwigzkéw azotu w postaci
amin, zwazkOw heterocyklicznych, aminokwaséw itp.) spowodiayze na tym etapie badadecydowano sina
przeprowadzenie spalania paliwa gazowego. Ardozowano do strefy reakcyjnej w takichsi@ach (okoto: 900,
1800, 3250 ppm), ktére mogtyby datvst:zenia tlenkéw azotu w spalinach podobne do rejestngeh podczas
spalania paliw alternatywnych o kj zawartéci azotu. Wyniki bada wykazaly,ze do 78% zwjzku azotowego
ulegato konwersji do MD,. Stopieéx konwersji byt wekszy, gdy weksze ildci (C;Hs),NH dozowano do strefy
reakcji. Gtéwnym tlenkiem azotu utworzonym podczgmlania byt tlenek azotu(ll), ktéry stanowit ponad
95% catkowitej ilgci NO,. Pozostata amina byla przeksztalcana do azotuie@trono zauwalny, ale
ograniczony wptyw (@Hs);NH na kinetyk procesu spalania propanu. Dietyloamina i prody&fykonwersji,
takie jak rodniki obecne w strefie spalania, wptwaa reakcje utleniania tlenkuegla i lotnych zwazkéw
organicznych.

Stowa kluczowe:emisja tlenkéw azotu, spalenie w zbofluidainym, spalanie paliw alternatywnych, spaan
biomasy
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PHOTOCATALYTIC HYDROGEN PRODUCTION
FROM GLYCEROL - PRELIMINARY STUDY USING Pt/TiO »
AND Pd/TiO, AS CATALYSTS

FOTOKATALITYCZNA PRODUKCJA WODORU Z GLICERYNY -
BADANIA WST EPNE Z WYKORZYSTANIEM Pt/TiO , ORAZ Pd/TiO,
JAKO KATALIZATOROW

Abstract: Concern for the environment and the use of reneavabkrgy sources are the two main priorities of
energy policy combined with the environmental ppl@sed on the principles of sustainable developméany
aspects should be taken into account in the casaesfly production based on biomass/biofuels, itiqudar the
possibility of additional by-products formation. ¥ it comes to biodiesel production, the formatasrhuge
amounts of surplus crude glycerol may be such &leme. The well-known, traditional methods of glyaler
utilization are ineffective, which was proved b thig price drop in the glycerol market. High hopesolve this
problem are placed in new technologies: bio-coneersf glycerol to various chemicals or energy ieas and
photocatalytic conversion to hydrogen. The papeesgmts the results of some preliminary studies of
photocatalytic glycerol conversion to hydrogen. Teestigation was focused on proper selectioratdlgsts and
on the search for the optimum conditions of thetptatalytic process using TiGloped with platinum or
palladium (0.1, 0.5, 1 wt.%). The initial glycerobncentration in the solution was 4.5%. Photocatalyvere
obtained by the sol-gel method. The effect of iiatdn intensity was achieved by using 2-4 xenangs, the
power of 75 W each. Gas product was analyzed bycbemmatography. The highest efficiency of hydrogen
production (19.33 mmol/g of catalyst-h) was obtdiffer Pt doped Ti@ The production rate of hydrogen
depended on catalyst concentration, the amourteofivble metal in the catalysts, the concentraifagiycerol in
the solution and the intensity of irradiation.

Keywords: glycerol, hydrogen, photocatalysis

Introduction

Biodiesel is produced by transesterification of etapple oils [1, 2]. The increase of
biodiesel production observed all around the woddtributes to the surplus of glycerol on
the market. Therefore, nowadays, much emphasidate@ on the development of new
technologies of glycerol utilization. Unfortunatebffective utilization of large amounts of
waste fractions creates serious economic and témfiinal problems [2]. One of the most
promising processes seems to be its photocatatgiwversion into hydrogen, which is
considered to be a modern and environmentally diiemethod. The idea to apply this
method emerged from the previous studies on theadagon of other organic pollutants
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(eg alcohols) into hydrogen. Photoconversion of glgteis described by the below
reaction [3, 4]:

cat.TiQ,
C3H803(quuid) +3H20(quuid) oo - 7H2(gas)+3COZ(gas) (1)
hv

Photocatalysis is based on the absorption of lighthe catalyst or by the substrate.
Photoexcitation of the catalyst is based on thesfex of an electron from the valence band
to the conduction band after it has absorbed arguade portion of radiant energy.
As a result of the process, we obtained one elecwith reduction properties in the
conduction band and a hole with oxidation propsritethe valence band [1, 2, 5].

Photocatalytic conversion of glycerol to hydrogeraipromising way to convert solar
energy into chemical energy [1, 5]. Titanium diaxi(lTiG,) is the most frequently used
catalyst for the conversion of organic compoundslpants or wastes - including glycerol)
into hydrogen. Surface modification of Ti®ads to the reduction in the band-gap energy
and produces catalysts, which are active in thébleislight and UV. Photocatalysts
(egTiO,) that should be active over the entire visiblectpan are obtained by doping with
nonmetals (N, S, C, B, P, F, 1) and adding nobldalee(or other metals) [4, 5]. The
benefits of using Ti@as a basic support are its chemical and photoaatstiability, low
cost and non-toxicity [1, 5].

The aim was to test the catalysts (based on)Ti@t were doped with Pt or Pd in the
process of photoconversion of glycerol to hydrogen.

Materials and methods
Chemicals

Titanium(IV) isopropoxide (TIP) (97%) was purchagsesm Aldrich Chem. and used
as the source of titanium for the preparation d@,Mmanoparticles. A commercial form of
TiO, (P25, crystalline composition: 80% anatase, 20%erusurface area 50 gfinwas
purchased from Evonik, Germany. 99.9% chloroplatiacid hydrate (HPtClxH,0),
5 wt.% solution in 10 wt.% HCI palladium(ll) chlde (PdC)) were provided
by Aldrich Chem.

Experimental procedure

Reactions were carried out in a semi-batch quaréctor (the volume of 40 cn
The reactor was charged with the mixture of glytemqueous solution (15 én
The reaction mixture containing glycerol, water aradalyst was irradiated using xenon
lamps (4 lamps Xe-arc XBO 75 W each), (4.5 wt.%) grnotocatalysts - Pt/TiOor
Pd/TiG, (70 mg). Characteristics of photocatalyst are showTable 1. The temperature of
the reaction mixture was in the range of 40-55°@oA was used as a carrier gas, at the
flow rate of 30 crifmin, to remove air from the reactor before thetsiéthe reaction, to
mix the liquid and to remove gas products from b&ctor when performing the process.
The almost homogeneous slurry of the catalyst vidgimed by magnetic stirring and the
flow of argon through a special distributor. Eadhth®e experiments lasted approximately
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4-6 hours. Gaseous phase was analyzed every 1%asirlthe scheme of laboratory set-up
is presented in Figure 1.

Table 1
Photocatalysts characteristics for photoconversfaglycerol
Content of metal BET
Photocatalyst type | Preparation methog The type of metal precursor surface area
precursor 2
[wt.%] [m</g]
0.1 Pt HClgPtxHO 0.1 92
0.5 Pt HClgPtxHO 0.5 148
1Pt sol-gel HClsPtxH,O 1 130
0.1 Pd PdGl 0.1 126
0.5 Pd PdGl 0.5 86
1Pd PdCh 1 81
MFM
To GC

Ar

H H {lx Xe-arc 75W
- g

| e— )

| Stirrer |

L

Fig. 1. The layout of laboratory set-up (Ar - ingés; GC - the gas chromatograph; magrstiicer - 500 rpm)

Results and discussion

The main goal of the part of the study presentethis article was to compare the
efficiency of hydrogen production for the two cgkdb in the experiments carried out under
the same conditions. Each time the amount of csttalyded to the solution was 70 mg. The
volume of glycerol in water solution at the concation of 4.5 wt.% was equal to 15 tm
Two types of catalysts were used in the experimerg), doped with platinum or the
second TiQ@ doped with palladium. In both cases the amounthefabove metals in the
TiO, was the same, respectively 0.1 and 0.5 repregebfitnby weight. In each experiment
we used four xenon lamps, the power of 75 W eagber&ional conditions for each
experiment are shown in Table 2. The comparisomyafrogen production efficiencies
obtained in the experiments is presented in Figarasd 3.
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Table 2
Experimental conditions and efficiency of glycepblotoconversion
o Average
Photocatalyst | Glycerol initial o Power of the
Photocatalyst amount concentration Irradlatl_on time light source hydroge_n
type [mal [Wt.%] [min] W] productivity
) [mmol/gca h]
0.1 Pt 180 17.35
0.5 Pt 210 11.18
1Pt 195 6.12
0.1 Pd 70 45 150 300 13.41
0.5 Pd 180 6.20
1 Pd 180 1.41
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Fig. 2. Efficiency of hydrogen production duringaidiation of aqueous glycerol solution in the pnese
of photocatalyst obtained by sol-gel method dependi the TiQ doped with Pt (0.1, 0.5, 1 wt.%)
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Fig. 3. Efficiency of hydrogen production duringetlirradiation of aqueous glycerol solution in thegence
of photocatalyst obtained by sol-gel method dependi the TiQ@ doped with Pd (0.1, 0.5, 1 wt.%)
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Hydrogen production yield obtained for Pt catalysts higher than for Pd (catalysts
prepared by the sol-gel method and photodepositiom lower metal dopant content, the
higher the efficiency of hydrogen production. Thestoptimal process conditions offering
the highest Kproductivity were found for 4.5 wt.% of glycerol meentration of aqueous
solution and 0.07 g of the catalyst weight. The hbif production efficiency
of hydrogen for the 0.1% Pt (T#¥Dcatalyst prepared by sol-gel for 4.5% glycerduson
was found to be 19.33 mmaligh. Hydrogen was identified in all the studied sasspl
while carbon dioxide was not detected.

Conclusions

Results of the present study show that the higbfigiency of hydrogen production
was achieved for the catalyst Pt(gjQather than for Pd/Ti© Generation of hydrogen
largely depends on the content of dopant metalbantthe type of the catalyst.

Acknowledgments

The study is supported by National Science CenfePaland (contract number
No 2011/01/B/ST8/07159).

References

[1] Gullapelli S, Kannekanti L, Valluri DK, Muthukwla VS, Machiraju S. Cobalt doped FiQ\ stable and
efficient photocatalyst for continuous hydrogendurction from glycerol: Water mixtures under solaht
irradiation. Inter J Hydrogen En. 2013;38:9655-988@I: 10.1016/j.ijhydene.2013.05.116.

[2] Min LI, Yuexiang LI, Peng S, Gongxuan LU, Shubkl. Photocatalytic hydrogen generation using ghpt
wastewater over Pt/TigOFrontiers of Chem in China. 2009;4(1):32-38. DT1:1007/s11458-009-0019-6.

[3] Augugliaro V, El Nazer HAH, Loddo V, Mele A, Faisano G, Palmisano L, et al. Partial photocaizlyt
oxidation of glycerol in Ti@ water suspensions. Catalysis Today. 2010;151:21-Z8l:
10.1016/j.cattod.2010.01.022.

[4] Daskalaki VM, Panagiotopoulou P, Kondarides Btoduction of peroxide species in Pt/Ti€ispensions
under conditions of photocatalytic water splittingnd glycerol photoreforming. Chem Eng J.
2011;170:433-439. DOI: 10.1016/j.cej.2010.11.093.

[5] Stelmachowski M, Marchwicka M, Grabowska E, Dikl, Zaleska A. The photocatalytic conversion of
(Biodiesel Derived) glicerol to hydrogen - A shagview and preliminary experimental results. Part 1
A review. J Adv Oxid Technol. 2014;17:167-178.

FOTOKATALITYCZNA PRODUKCJA WODORU Z GLICERYNY -
BADANIA WST EPNE Z WYKORZYSTANIEM Pt/TiO , ORAZ Pd/TiO,
JAKO KATALIZATOROW
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Abstrakt: Efektywna produkcja energii oparta na biomasigyhliwvach powinna uwzgtiniat wiele aspektéw,
w szczegolnéci mazliwosé powstania dodatkowych produktow ubocznych. W paelqu produkciji biodiesla
takim problemem mae by zagospodarowanie éych ilosci odpadowej gliceryny powstgiej w tym procesie.
Dotychczas stosowane tradycyjne metody jej utyjizakazup sie nieefektywne, o czymwiadczy duy spadek
cen na rynku surowej gliceryny. Bai nadzieje jej korzystnego zagospodarowaniazavie § z nowymi
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technologiami - biokonwersgjdo r&nych produktéw chemicznych i energetycznych oratokatalityczry
konwersj do wodoru. W pracy przedstawiono badania przepdaaae w celu selekcji katalizatoréw, ktére mog
by¢ wykorzystane do konwersji gliceryny, oraz znalemeoptymalnych warunkéw procesowych. Rozkiad
gliceryny badano, stosig jako katalizator Ti@ domieszkowany platynlub palladem (0,1, 0,5, 1% wag.).
Stezenie gliceryny w roztworze wynosito 4,5%. Fotokeatory otrzymano metadzol-zel. Jakozrodto swiatta
wykorzystano od 2 do 4 lamp ksenonowych o mocy 73PY8dukt gazowy analizowano megochromatografii
gazowej. Najwyszz wydajnag¢ produkcji wodoru (19,33 mmola/g kat-h) otrzymarla fbtokatalizatora Ti@
domieszkowanego 0,5% Pt. Efektywiogenerowania wodoru zele od rodzaju katalizatora, jegoesténia

w roztworze, zawartei metalu szlachetnego w katalizatorzezshia gliceryny oraz intensywsa nawietlania.

Stowa kluczowe:gliceryna, wodér, fotokataliza
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BIOACCUMULATIVE AND BIOINDICATIVE ROLE OF FUNGI
IN THE ENVIRONMENT

BIOAKUMULACYJNA | BIOINDYKACYJNA ROLA GRZYBOW
W SRODOWISKU

Abstract: Mycelial construction of mushrooms is considerscaagiood biomass for heavy metals binding as well
as lots of elements, including toxic and radioactbnes. Between various fungi known to bind heaeyafs,
mycelium ofPleurotusspp. can be used in Cd indication and accumulabipmmeans of fungal biomass. In this
work possible role oPleurotus ostreatus accumulation of radionuclides is presentedsThimportant because
this fungus is one of broadly cultivated mushrooarg] it can grow as saprobic organism on variobstsates.
Naturally occurring fruiting bodies dP. ostreatuswere used in studies as a potential marker of spimeric
radioactive pollution. The samples of fruiting beslin different age (young, mature and old) wetkected in the
center of Opole. Measurements of the gamma radiiolescactivity concentration in dried samples weaeried
out by means of a gamma-spectrometer with a germadetector HPGe (Canberra) of high resolutionagstim
concentration in fruiting bodies was similar in lea&gample, though it was the lowest in the youngispen.
Activity concentration of Cs-137 was also relateithwhe age of the mushroom. The biggest conceotratas
determined in old specimen, while in the young aradure ones it was similar. In the mature and aldhmooms
activity concentration of Pb-210 was lower than imiim detectable activity. Pb-212 was determined/ aml
fruiting bodies of old specimen.

Keywords: mushrooms, radionuclides, environmental pollutiaication

Introduction

Mushrooms are investigated as a source of numeslensents and, among them, also
these classified as toxic and radioactive [1, 2].

Pleurotus ostreatugs one of broadly cultivated mushrooms as welitasn grow as
saprotrophic organism on various substrates, f. texiaks. One of most frequently
cultivated is an oyster mushroomléurotus osteratys An oyster mushroom is cultivated
for not long time, the first information about @sltivation becomes from 1917, but before
it was collected in natural environment, also retyrinfected trunks were collected and
stored in wet conditions waiting for fructificatiomhe first scientific name of oyster
mushroom wag\garicus ostreatysnowadays the number of 36 species were desciibed
the genera oPleurotus The gener#@leurotusis classified in the phylurBasidiomycota.
Mycelium of basidiomycetous fungi is characterized clump connections occurring on
vegetative hypha (Fig. 1), which is a typical halhkfor this kind of mushrooms, as well
as for genusleurotus Only two species oPleurotusare not edible, and 25 of them are
cultivated broadly in the world. Between cultivatedshrooms the generaBfeurotushas
the biggest number of cultivated species and aivIn central Europe an oyster
mushroom can grow saprotrophically on the deadvarg trunks of deciduous trees and
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naturally on the ground. Fruiting bodies occur invidmber and December. Naturally
occurred mycelium grows saprotrophically and domedd many nutritional requirements
[3]. This makes it easy in cultivation on varioignin and cellulose substrates and wastes.
Fruiting bodies of oyster mushroom grow in big greweonsisted of bigger or smaller ones,
on the same base [4]. They are a good source afratisubstances. There were found 3 g
of potassium, 150 mg of calcium and 125-757 mgaafilen in 100 g of dry mass of
fruiting bodies of oyster mushroom [5]. They contalso trace amounts of iodine, fluorine,
copper, zinc, mercury and manganese [6, 7]. Mushsocan collect also lots of elements
including the toxic and the radioactive ones. Moshns or single mycelia are considered
as good biomass for binding heavy metals. Betwesiows fungi known to bind heavy
metals, mycelium oPleurotus sajor-cajican be used to remove Cd by means of fungal
biomass [8].

In our work the naturally occurring?. ostreatus fruiting bodies were used
as a potential marker of atmospheric radioactivupon.

Fig. 1. Hyphae oP. ostreatusvith a clump connection (marked in the ring) (ghby E. Moliszewska)

Materials and methods

The samples oP. ostreatusfruiting bodies were collected from the trunk ofig
lime-tree Tilia cordatd growing on the side of the average traffic roadhe center of
Opole. They were collected during two winter seasahe end of November (2012), the
end of December (2013) and the end of February 4R0Additionally the age of the
fruiting bodies was qualified as young specimeng.(R), mature (Fig. 3) and old
specimens. For determination of the gamma radidtheslactivity dried samples of fungi
fruiting body were prepared. Samples were ovenddiie 105°C since the mass of the
sample was stable and then dried by mortar.
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%
Fig. 2. Young fruiting bodies d®. ostreatugphoto by E. Moliszewska)

The measurement of radionuclide activity in funggples was carried out by means
of a gamma-spectrometer with a germanium detecRB&1(Canberra) of high resolution:
1.29 keV (FWHM) at 662 and 1.70 keV (FWHM) at 13@%/. Relative efficiency: 21.7%.
Energy and efficiency calibration of the gamma smeueter was performed with the
standard solutions type MBSS 2 (Czech Metrologiecwtitute, Praha), which covers
an energy range from 59.54 to 1836.06 keV. The gdtgnof the calibration source was
a Marinelli container (447.7 +4.5 &mn with density 0.99 +0.01 g/cin containing
Am-241, Cd-109, Ce-139, Co-57, Co-60, Cs-137, SB-Hr-85, Y-88 and Hg-203. The
geometry of sample container was a similar Marirall450 cni. Time of measurement
was 24 h for all samples. Measuring process andysinaof spectra were computer
controlled with the use of software GENIE 2000.

Some radionuclides were determined in each saraplt,some of them appeared in
determinable concentrations only in single sampissults were shown as the activity
concentrations of radionuclidea)( and the measurements uncertainti€s).( The values
lower than minimum detectable activity (MDA) arenked with < MDA.
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Fig. 3. Mature fruiting bodies ¢t. ostreatugphoto by E. Moliszewska)

Results

The following radioisotopes were determined in tfng bodies of
P. ostreatusamples: Pb-212 (thorium decay chain), Pb-210iymadiecay chain), K-40
and artificial Cs-137. In Table 1 the half-life &% of the determined radioisotopes are
shown. Among the radioisotopes determined in fusgaiples, K-40 is the most stable.

Table 1
Half-life times of the radioisotopes determinedail samples
Pb-212 Pb-210 K-40 Cs-137
10.64 h 222a 1.2510'a 30.1la

It was observed that K-40 concentrations in frgjtbodies ofP. ostreatusvere similar
to each other, though it was the lowest in the gospecimen (Table 2). The Cs-137 is
present in environment and it is also determinetha investigated mushroom samples.
Both, direct atmospheric deposition on the surfand transport from background via
mycelium, could deliver Cs-137 to the fruiting besli Activity concentration of this
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radioisotope was also related with the age of theshmoom. The biggest concentration was
determined in old specimen, while in the young aradure ones it was similar (Table 2).
The Pb-210 radioisotope was found in young musheodirable 2), though the
measurement uncertainty was significant. In theumeatand old mushrooms activity
concentration of Pb-210 was lower than MDA.
The Pb-212 isotope was determined only in old nusms at the level 1.27 Bg/kg
(Table 2).

Table 2
The gamma radionuclides activity in dried samplelsuiting bodies
Time (age) A-20 Aak.40 acs-137 Aacs.137 app-210 Aapp.210 app-212 Aadpy 212
[kBa/kg] | [kBa/kg] | [Ba/kg] | [Barkg] | [Ba/kg] | [Barkg] | [Ba/kg]l | [Barkg]
November
2012 (mature) 1.059 0.040 4.76 0.64 < MDA - < MDA -
December
2013 (young) 0.941 0.039 5.30 0.75 45.2 44.9 < MDA -
Feb“{g‘lg’) 20141 1050 | 0033 | 1008 046| <MDA - 1.27 0.28
Discussion

Biosorption is an area of increasing biotechnolalioterests. Especially since the
removal processes of potentially toxic and/or vieleametals and radionuclides from
contaminated sources can be used to detoxify thém o environmental elimination [9].
Mushrooms may accumulate great concentrations tdilmeSome of them are involved in
fungal growth, metabolism and differentiaticgK, Na, Mg, Ca, Mn, Fe, Cu, Zn, Co and
Ni), while others,eg Rb, Cs, Al, Cd, Ag, Au, Hg and Pb have probably exsential
functions. Some of them, such as mercury, cadmilead and copper can cause
morphological abnormalities, reduce growth andease mortality and mutagenic effects
in humans [10, 11]. Yilmaz et al [12] found thah§ial species growing on wood contain,
in general, lower concentrations of heavy metalantdungi growing on soil. This
observation is proper for cultivated mushrooms, fattirally occurring ones can grow on
different, contaminated substrates, eg fruiting bodies of tested in this research
mushrooms. The source of contamination was mostly tcaffic and precipitation, so
consumption of such mushrooms as food may leaatéaication. In this way selected food
products may deliver to an average person certasesl of both natural and artificial
radioactive isotopes [13].

The abundance of K-40 in potassium is constant iand.0119%. Because of the
constant content, activity concentration of K-40tle measure of the total potassium
concentration. It seems that tested specimens dlccalect continuously this element.
Desorption of immobilized cesium cations is supgdrby the ones of similar size, like K
or NH,". The Cs-137 and K-40 isotopes have similar chemicperties, but their origin in
nature is different. In opposite to Cs-137, the K-+adioisotope occurs naturally in
environment.

The Cs-137 isotope is the artificial radionucligéth half-life time of 30.1 years. Its
circulation in environment started about 70 yeage.dt was a product of a number of
nuclear tests performed in 50. and 60. df 26ntury [14]. Environment was contaminated



122 E. Moliszewska, A. Dothczuk-Srodka, Z. Ziembik, D. Maculewicz and K. Nagrodzka

also as a result of a number of incidental, unatlet releases, like, for example, accidents
in Chernobyl (1986) and Fukushima Dai-Ichi (2011)clear power plants [15-17].
The Cs-137 is present in environment up to now, @ndas also determined in the
investigated mushroom samples. Probably growthefiuiting bodies oP. ostreatusvas
associated with continuous intake of Cs-137 fromoaunding area.

The Pb-210 radioisotope found in young mushroomthés member of the natural
uranium decay series. Is half-time time is 22.2rgeahich is significantly longer than that
for Pb-210 ancestors in decay series. It coulduppased that Pb-210 appeared primarily
in mushroom and its presence is not a result abaative decay of its closest ancestors in
decay series. It could be concluded that this tappeared in mushroom surrounding
only in a period of time, at the beginning of frug bodies growth. Subsequent increase in
mass of mushroom caused decrease in Pb-210 comiemtrand fall of activity
concentration below MDA. In old mushrooms the PR-2otope was determined (Table
2). It is a member of the natural thorium decayeserits half-life time is not long (only
10.6 h). It possible source is Th-228 with haléltfme 1.9 years. Occurrence of Pb-212 in
fruiting bodies of old specimen supposed deposiibtihe radioisotope from atmosphere or
migration from background. This process was slow&n increases in mass of the
mushroom. Bishnoi and Garima [18] observed thasdption of metal ions increase
during the lag period or early stages of growth dadlines as cultures reached stationary
phase (forAspergillus niger, Penicillium spinulosum, Trichoae viride. The age of
fruiting body or its size, are of less importan&me authors reported higher metal
concentrations in younger fruiting bodies. Thiexplained by the transport of a metal from
mycelium to the fruiting body during the start ofidtification. During the following
increase of the fruiting body mass, the metal cotteéion decreases. In general the
proportion of metal concentrations from atmosphetépositions seems to be of less
importance due to the short lifetime of a fruitipgdy of typical edible mushrooms, which
is usually 10 £14 days [19], but fruiting bodies mdturally occurringP. ostreatuscan
persist longer in their natural position.

Conclusions

Potassium concentration in fruiting bodies was lgimin each sample, though it was
the lowest in the young specimen. Activity concatitn of Cs-137 was also related with
the age of the mushroom. The biggest concentratasdetermined in old specimen, while
in the young and mature ones it was similar. In tegure and old mushrooms activity
concentration of Pb-210 was lower than minimum cletde activity. Pb-212 was
determined only in fruiting bodies of old specimen.
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BIOAKUMULACYJNA | BIOINDYKACYJNA ROLA GRZYBOW
W SRODOWISKU

Samodzielna Katedra Biotechnologii i Biologii Motg&rnej, Uniwersytet Opolski

Abstrakt: Grzybnia, szczegoélnie grzybéw wielkoowocnikowyctziclli zdolngci do akumulowania metali
ciezkich stanowi potencjalnérédio informacji o zanieczyszczeniwodowiska. Wréd nich naléy wymienic
boczniaka Pleurotus osteratys grzyba zar6wno uprawnego, jak i wystjacego naturalnie. W pracy wykonano
analiz zdolndgci bioindykacyjnych i biokumulacyjnych tego gatunkw stosunku do izotopéw
gamma-promieniotworczych. PrébKP. osteratusw réznym wieku (miode, dojrzate, stargeg) zebrano
w naturalnym stanowisku, w centrum Opola. Aktyweiazotopu K-40 byty podobne we wszystkich badanych
prébkach, przy czym najisza koncentracja tego izotopu zostata stwierdzonajmtodszych owocnikach. I1zotop
Cs-137 najliczniej wyspowat w najstarszych owocnikach. Radioizotop Pb-2Ataleziono w miodych
owocnikach, a izotop Pb-212 stwierdzono w staryebanikach.

Stowa kluczowe:grzyby, radionuklidy, indykacja zanieczyszttZzeodowiska
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Abstract: Electroplating coating of products more sustainable coatings &r tprotection or decoration.
As a result of these technological processes gekreaste water, which are treatment. During thatiment of
waste water produced sludge that were the subfemsearch. Sludge were from wastewater treatmkamtp
located at the manufacturing plant which produaesparts. They were taken from the sludge tankcquted by
sedimentation in the lamella. In order to deterntim&r sensitivity to dewatering the first step vemdected the
type and dose of reagent. In the second stageedttiily conditioned sludge were tested mechan@aatbring
centrifuge and belt press simulator. The resultainbd showed that the most effective effect wasenked when
using anionic polyelectrolytes Praestol 2505 ange®ioc A 110 and A 130. Were used in a dose ofn2glg TS
to 3.4 mg/g TS, and from 8.2 mg/g TS to 15.4 mg® The use of too low a dose of reagent and overdos
resulted in unsatisfactory conditioning effectse®@xcess polyelectrolyte increased viscosity oflitheéd sludge,
which gave slower water contained therein. Conulitth selected polyelectrolytes sludge were subjetded
a mechanical dewatering. The sludge obtained edetrifugation is characterized by a total solidaaximum of
12.7%. The centrifugation process efficiency wdkienced by the spin speed and the duration optbeess. The
best results were obtained for a duration of 10 amd a speed of 3000 turns/min. A higher degregeofatering
of 29.5% TS obtained using the simulator of bettsgr

Keywords: sludge from industrial, mechanical dewatering,aheice of polyelectrolyte

Introduction

Electroplating process is used to layer producth igéwer precious materials with
more durable layers. In connection with this ogerasurface of the unit achieves better
corrosion and heat-resistant properties. In additimlvanic coating of the products can be
carried out for the improvement of surface protectind decorative purposes and to give
the required characteristics of the profiled elet®semainly hardness and wear resistance
(technical coating) [1-4]. Electroplating processisists of several stages. First, the devices
are mechanically cleaned, degreased and acidifieel aim of the acidification is to remove
oxides from the surface of objects created in thgrehsing and etching of the surface
cloudy. After preparatory operations galvanic aogprocess takes place. Electroplating is
performed under the effect of direct electric cotreThe bath composition obviously
depends on the kind of the cover. This may be aga® of coating with nickel, chromium,
copper, zinc plating, oxidation, blackening, cadmjlead, etc. The final stage of treatment
is aimed at upgrading and consolidating imposedteplated coatings. For this purpose,
the most commonly used is passivation, coloring,lishing and varnishing
[1, 5, 6]. After completion of the electroplatingath items are subjected to washing.
Flushing is normally carried out in tanks with aatiouous flow of fresh water, rarely used
rinse spray [7]. As a result wastewater is produgetackwash water and spent baths. In

! Faculty of Energy and Environmental Engineeringgsian University of Technology, ul. Konarskieg8Al,
44-100 Gliwice, Polanchhone +48 32 237 16 98, fax +48 32 237 10 47, etmatbela.plonka@polsl.pl
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the diluted wastewater washing water generated hie process of chemical or
electrochemical treatment of objects are preseack®ash water pollution are main
components of the bath [1, 5, 6]. On the other hdaking into account the type of
impurities from the electroplating industry wastésva wastewater from cleaning and
degreasing, waste of digestion, waste chromiumegmwagshing after the electrochemical
plating and chromate passivation) and cyanide wadt can be distinguished. This
wastewater is treated and as a result of the psstadge is produced [1, 4-6, 8].

Subject and methodology of research

The aim of the subject was sludge from industriakt@water treatment plant taking
place next to the automotive manufacturing. Systéénechnological wastewater treatment
consists of: reduction of chromium(VI) using a sodi bisulfate (waste chrome),
coagulation process with the use of Flokor 1A (fo¥ waste water mixed, precipitation of
by the addition of milk of lime solution. Then sedintation process in lamella tank where
separation of the treated sewage sludge. Sedinmntgirocess is enhanced with
polyelectrolyte conditioning. The separated sluggeeriodically pumped into the sludge
tank. Then adjustment of the pH by the use §8®} or NaOH to obtain pH of fulfilling the
requirements for wastewater that can be dischangedthe drains. The final stage of
wastewater treatment process is filtration throggind filter. This filter removes from
wastewater remains of insoluble’s.

The tests were performed for sludge taken frontdh&. The tests were carried out in
three stages. In the first stage of the analysasnémxed the sludge properties. The extent of
the research included the like: total solids (T®)latile solids (VS), specific resistance,
capillary suction time (CST), pH, odor. All analgzeere conducted in accordance with the
applicable standards [9-13]. In the second stagetythe and dose of polyelectrolyte was
select based on the flocculation tests, streng®iT.CConditioning with polyelectrolyte
enables to change the structure of the sludge lamdurface of the dispersed solid phase
particles, which leads to reduction of the inteefand reduce the force of binding water
from the surface of sludge flocs. Cationic and aitiopolyelectrolytes were used in
conditioning process. They are presented in Table 1

Table 1
Type of tested polyelectrolyte
An ordinal number Polyelectrolyte lonic character

1 Praestol 644 weak cationic
2 Praestol 611 weak anionic

3 Praestol 2505 anionic

4 Zetag 63 cationic

5 Zetag 47 cationic

6 Magnafloc 155 anionic

7 Zetag 8846 cationic

8 Praestol 2640 average anionic
9 Praestol 2540 average anionic
10 Superfloc A 110 anionic

11 Superfloc A 150 anionic

12 Superfloc A 130 anionic
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Flocculation test was based on visual assessmehedfize and structure of the flocs
after the introduction of the sludge and mixing.emhbased on the strength test flocs
strength was evaluated. That flocs structure shbeltbbust, due to the centrifuge action of
the centrifugal force and the shearing forces aauyiin the belt press. For this purpose,
from the depth of 10 cm five times the sludge wasrpd from the beaker to beaker.
Sieving test was carried out using Buchner funimneld with filter belt. Filter belt was made
of the same material as the belt filter used fochmaaical dewatering. The flocculated
sludge was placed on the belt and the filtrate vedlected.

The dewatering tests sludge were carried out on dineulator belt press and
in a centrifuge nn the last stage. In the studsteidatory centrifuge Centrifuge company
MPW - type 340 with a maximum speed 4000 rev./mid &me centrifugation of the
1 to 60 min were used. The sludge was conditiongdsdlected doses and type of
polyelectrolyte. It was centrifuged for a period 6f and 10 minute, whit velocity
1500 and 3000 rev./min. After centrifugation tatalids were analyzed.

In turn, as the belt filter press simulator Bichfusmel lined with filter belt was used.
It was made of the same material as the belt fiteiss used for mechanical dewatering,
and piston pressure. In the initial stage of thavatering gravity filtration takes place,
wherein water is removed during the conditioninggass. Then, the clarity and quantity
filtrate obtained in 5 minutes were measured. Dyfittration it was checked whether cake
sludge produced on the belt does not block the nld#m, shaking the funnel in horizontal
position it was determined whether the sludge caedes broken and whether it was
susceptible to create a sludge roller. Then, thepga of mechanical dewatering of sludge
cake by means of the pressure piston was mader ABeatering total solids were
measured.

Results and analysis

The results of physico-chemical sludge derived ftbetreatment of wastewater from
the electroplating industry showed that the preéaipi was characterized by a slightly
alkaline pH equal to 8.63, and also had a chaiatitesmell and intense and characteristic
grey - green color. The test sludge showed highridtigh amounting to 98.6%, a low total
solids (TS) 1.4% and volatile solids (VS) 15.7% TSw content of volatile solids
indicates that it is a mineral sludge derived frima treatment of industrial waste water.
Furthermore, the sludge tested showed good fittngbiroperties, as evidenced by the short
period of capillary suction time (CST) equal to & onds and a low value of the specific
resistance equal to 9.955910" m/kg. Low values of the parameters determining the
filtration properties are also characteristic oé tsludge from the treatment of industrial
wastewater.

Because of relatively high hydration sludge thedigtsi were undertaken to determine
the susceptibility of this type of sludge to medbah dewatering. Sludge prior to
dewatering process should be subjected to appteprieatment. This process can change
the structure of the sludge and reduce the foroadihg water with surface of sludge flocs.

Therefore, the studies were performed using canditg of sludge with
polyelectrolytes of various ionic character whitsdoof 2.1 mg/g TS. The results of tests
carried out (Table 2) showed that the best resudt® obtained when conditioning anionic
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polyelectrolytes Praestol 2505, Superfloc A 110 AntBO Superfloc. With their use, large
flocs with robust structure and good sedimentapiaperties were formed.

Table 2
The results of selection of polyelectrolyte type
Type of polyelectrolyte [ng/%S.?S] Results
Praestol 644 2.1 small flocs, undergoing defragat@nt, low sediment properties
Praestol 611 21 small flocs, undergoing partial (_jefragmentatiow gediment
properties
Praestol 2505 2.1 large flocs, non-undergoing defientation, well sediment propertips
Zetag 63 2.1 small flocs, undergoing defragmentalmv sediment properties
Zetag 47 2.1 small flocs, undergoing defragmentalmv sediment properties
Magnaflock 155 2.1 small flocs, undergoing defragtation, low sediment properties
Zetag 8846 2.1 small flocs, undergoing defragmantatow sediment properties
Praestol 2640 21 average flocs, undergoing partia] defragmentatmm,sediment
properties
Praestol 2540 21 average flocs, undergoing partigl defragmentatmm,sediment
properties
Superfloc A 110 2.1 large flocs, non-undergoingaigrinentation, well sediment properties
Superfloc A 150 21 average flocs, undergoing partia] defragmentatmm,sediment
properties
Superfloc A 130 2.1 large flocs, non-undergoingaigrinentation, well sediment properties
Table 3
The results of selection of polyelectrolyte dose
Type of polyelectrolyte [ m;ZS.?S] Results
21 large flocs, undergoing partial defragmentation) sediment
) properties, partially passing through the belt
34 large flocs, non-undergoing defragmentation, watllisient properties,
Praestol 2505 ’ partly passing through the belt
8.2 large flocs, partial undergoing defragmentatiomy\epiickly sedimen
) properties, does not passing the belt
15.4 very large flocs, non-undergoing defragmentatiogl] sediment
) properties, does not passing the belt
21 large flocs, partial undergoing defragmentationl,setliment
’ properties, partially passing through the belt
34 large flocs, partial undergoing defragmentationl] sediment

Superfloc A 110 properties, partially passing through the belt
large flocs, partial undergoing defragmentation|) sediment

8.2 ] .

properties, does not passing the belt

very large flocs, non-undergoing defragmentatiogl) sedimenting,
15.4 )
does not passing the belt
large flocs, partial undergoing defragmentation) sediment

21 . b

properties, passing through the belt
34 large flocs, non-undergoing defragmentation, watlisient properties,

Superfloc A 130 partially passing through the belt

8.2 large flocs, partial undergoing defragmentation) sediment

) properties, partially passing through the belt

very large flocs, non-undergoing defragmentatiosl] sediment
properties, does not passing the belt

15.4
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In the next stage the most effective polyelectedytor the selection of the optimum
dose of the reagent in the range of 2.1-15.4 m@gvére carried out flocculation tests, the
strength test and the sieve test. The resultsesktibests are presented in Table 3. Analyzing
the results of the tests it can be concluded thvalibfver doses of polyelectrolyte the results
were unsatisfactory. The obtained in the test sfdtrates were turbid and flocs structure
was unstable and most of them passed through the Tde best results in the form
of large and robust flocs and a clear filtrate whtained for doses 8.1 and 15.4 mg/g TS.

In addition, filtration properties of sludge duringonditioning polyelectrolytes
improved. It was confirmed by shortened capillaugtin time. The results of CST varied
in the range of 18 to 33 seconds (Fig. 1). It stidad noted that an overdose of the reagent
adversely affected the filtration properties of ghadge, as indicated by prolonged capillary
suction time at the dose of 15.4 mg/g TS. The expedyelectrolyte increased the viscosity
of the liquid sludge, so sludge slowly removed watmtained therein. For this reason, the
selection of the optimal dose of the reagent bbth walue CST and structure of flocs
should be taken into account. Sludge conditionedsélgcted polyelectrolyte at a dose
8.2 and 15.4 mg/g TS were tested by mechanical t@eivg. In this regard, lab centrifuge
and belt filter simulator were applied. As a resaft dewatering in the centrifuge
a relatively small decrease in the total solids wated (Fig. 2). The effect dewatering
depended on the type of a polyelectrolyte usedoimditioning. In case of Praestol 2550
dewatered sludge was characterized by a total saahtent of 7.8 and 8.2%. More
effective was Superfloc A 130, with the total selitbntent in the sludge after dewatering at
10.4 and 12.7% respectively, for a dose of 8.2 &hdl mg/g TS. Increasing dose of
polyelectrolyte did not significantly affect thefiefency of the process.

/ Superfloc A 130

/ Superfloc A 110
Praestol 2505
8.2 T/

154

Dose [mg/kg TS]

Fig. 1. Changes in CST depending on dose and tiypelygelectrolyte

Taking into consideration the results it can bectaated that the use of centrifuges in
the process of mechanical dewatering of this typsludge is inefficient. Significantly
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better results were obtained when dewatering [&dt Simulator was used (Fig. 3). Then
dewatered sludge was characterized by a totalssalieitent ranging from 17.7% for the
polyelectrolyte Superfloc A 110 and dose 15.4 m§® to 29.5% for polyelectrolytes

Superfloc A 110 and Praestol 2550 and the doseng/g TS. In this case, increasing dose

of polyelectrolyte resulted in worsening the eféeot dewatering.
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Summary and conclusions

Treatment of sewage sludge is an important elerokntater - sewage management.
This is due to the need to remove sludge from seviiagatment plants and its disposal in
such a way to reduce their negative impact on thérenment. In case of sludge derived
from treatment of wastewater from the electroptatindustry its disposal is important,
because the sludge is characterized by high tgxieitised by inorganic compounds present
in wastewater after plating processes. It is ingudrto apply processes to reduce them,
which can be implemented in the process of mechhdewatering. Therefore, the studies
were made in order to assess the susceptibilitsiuafge from the industrial treatment of
wastewater to mechanical dewatering.

The sludge prior to dewatering should be subjed¢teatonditioning process. This
process improves the structure of the sludge acréases the amount of free water. Process
conditioning was conducted based on different tyglemn-polyelectrolytes for the equal
dose of 2.1 mg/g TS. Test results have shown tiegabest effective was obtained when the
anionic polyelectrolyte were used (Praestol 250% &uperfloc A 110 and A 130). In the
case of these polyelectrolytes prior to the testnethanical dewatering the optimal dose
from 2.1 to 15.4 mg/g TS was determined. Propeslgcted type of polyelectrolyte and the
dose for improvements in the filter characteristiéssludge, increased its susceptibility
to dewatering. Sludge conditioned with polyelegtted was mechanically dewatered
in a centrifuge and in a belt filter simulator. Thentrifuged sludge characterized by
a relatively low concentration total solid conteof 7.8-12.7%. The efficiency of
dewatering process was affected by the spin speddiaration of the process. The best
results were obtained after 10 min at a speed 0036v./min. Definitely better effect of
dewatering occurred when using the belt filter datar. The dewatered sludge possessed
concentration total solids content 17.7-29.5%. Tighest degree of dewatering has been
achieved with doses of 8.2 mg/g TS of Praestol 2880 Superfloc A 110. It is worth
noting that increasing dose of polyelectrolyte heslin the worse efficiency of mechanical
dewatering. Comparing the results of the mechamiealatering it was stated that the belt
filter is more efficient as indicated by the highgdee of dewatering. Definitely worse
effect was obtained with the centrifuge, where ¢katrifugal force is the crucial factor.
Satisfactory results dewatering may be obtainedh witfilter press in which pressure is
generated under the influence of the two belts.

Industrial sludge from treatment of electroplatprgcess wastewater can be subjected
to mechanical dewatering. However, in order to emhithe expected results the proper
preparation of sludge before dewatering, as wethasselection of the appropriate device is
necessary.
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ODWADNIALNO $C OSADOW POCHODZACYCH
Z OCZYSZCZANIA SCIEKOW GALWANICZNYCH

Wydziat Inzynierii Srodowiska i Energetyki, Politechnil§aska, Gliwice

Abstrakt: Galwaniczne pokrywanie wyrobéw trwalszymi powilokastanowi ich ochrog lub dekoragj.

W wyniku tych proceséw powstgcieki technologiczne, ktéreg oczyszczane. Podczas oczyszczaniakow
powstaj osady, ktére stanowity przedmiot bad®sady pochodzity z oczyszczaktiekow znajdujcej st przy
zakladzie produkgpym czséci samochodowe. Zostaly pobrane ze zbiornika sakeego, poprzedzonego
sedymentagj w osadniku lamelowym. W celu oktenia ich podatn&i na odwadnianie w pierwszym etapie
dokonano doboru rodzaju i dawki polieletrolitu. \Wigim etapie badakondycjonowane osady poddano prébom
mechanicznego odwadniania w wiréwce oraz symulatprasy témowej. Uzyskane wyniki badavykazaty,ze
najskuteczniejszy wptyw zaobserwowano w przypadkstasowania polielektrolitw anionowych Praestdd®5
oraz Superfloc A 110 i A 130. W badaniach zastosmwalawki od 2,1 do 3,4 mg/g s.m. oraz
od 8,2 do 15,4 mg/g s.m. Zastosowanie zarOwno iriayej dawki reagenta, jak i przedawkowanie dopraivad
do uzyskania niezadowadajch efektéow kondycjonowania. Nadmiar polielektolzwickszyt lepkaé cieczy
osadowej, przez co osad wolniej oddawat zayvertnim wods. Kondycjonowane wybranymi polielektrolitami
osady zostaly poddane procesowi mechanicznego odavad. W wyniku wirowania otrzymano osad
charakteryzujcy sk zawartdcia suchej masy maksymalnie 12,7%. Na efektyéénarocesu odwirowania miata
wplyw predkos¢é wirowania oraz czas trwania procesu. Najlepszktefezyskano dla czasu wynasego 10 min
oraz pedkosci 3000 obr/min. Wyszy stopié odwodnienia wynoszy 29,5% s.m. uzyskano przy zastosowaniu
symulatora pracy aowe;.

Stowa kluczowe:osadysciekowe z przemystu, odwadnianie mechaniczne, dpblgelektrolitu
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PRO-ENVIRONMENTAL TREATMENT TECHNOLOGY
OF INDUSTRIAL BRINES USING CERAMIC MEMBRANES

PROSRODOWISKOWA TECHNOLOGIA OCZYSZCZANIA SOLANEK
PRZEMYStLOWYCH Z ZASTOSOWANIEM MEMBRAN CERAMICZNYCH

Abstract: The paper presents the results of a multi-staiyefiltration process of industrial waste brineshathe
use of a pilot plant and commercial ceramic memiésahe purpose of the study was to analyse thiecapitity

of ultrafiltration and membranes of various cut-fuff the treatment of waste brines and fractiomatib proteins
contained therein. Research on the membrane pre@sperformed under constant conditions: transmameb
pressureTMP = 0.2 MPa, velocity of a saline over the surfatéhe membran€FV = 6 m/s, the temperature
T = 25°C using ceramic membranes with a cut-off 80,3150 and 50 kDa. In tests run in the semi-open
ultrafiltration system (continuous discharge of exrpeate and retentate recirculation) there werdyseta the
concentration of protein in permeate and retentasewell as the recovery of the perme&@e Results of
microbiological tests on used brines and permeafts ultrafiltration process performed by an inelegent
testing laboratory are also presented.

Keywords: ultrafiltration, ceramic membranes, industriahiesi fish processing, microbiological analysis

Implementation of the principle of sustainable depment into practice in the
protection of the aquatic environment requires tise in industrial plants, including
food-processing plants, environmental solutionspsehprimary task is to close the water
loops in order to minimize water consumption andvesge discharge and additionally
recovery of secondary raw materials. Fish procgsplants are characterized by a very
large consumption of water for technological pugsosin the production of salted and
smoked fish average consumption of water per 1 Mthe finished product is approx.
25 nt, and the production of canned fish reaches utoi6 At the same time, due to the
employment of process brines with a high conterila€l, large volumes of polluting the
environment high-salted wastewater are generateghich the chloride content reaches up
to 20/dni. This type of wastewaters is also characterizedhieyhigh values of pollutant
concentrations such as B@Bnd COD as well as total suspended solids, TS&esghng
significantly limits of these indicators set out fine Regulation of the Minister of the
Environment on the conditions to be met when disgihg wastewater to waters or ground.
In the process of treatment of wastewater from fiskcessing, the biggest problem creates
the high content of NaCl, since up to now therstils lack of efficient and cost effective
methods of removing chlorides from wastewater Wl required by law [1, 2].
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The proposed global and in-country solutions te thioblem involve the use of
appropriate technology of used brines reclamation return to the process and the
simultaneous recovery of valuable components. ¢eneyears, more and more common to
employ are hybrid technologies consisted of mentamocesses as a main step. Within
the hybrid technology, membrane techniques are @yagl as the separation processes -
these use pressure membrane processes such &#tratioem and inorganic membranes.
The main advantage of ultrafiltration in this casenot only a possibility of separation of
fat and proteins but also of microbial contaminafig-5].

The purpose of the study was to analyse the aplityaof ultrafiltration and the
membranes of various cut-offs for treatment of walstines and rejection of proteins
contained in industrial brines. Studies performeatbar constant process conditions,
determined influence of membrane cut-off protejecgonR and recovery coefficier®e.

Materials and methods

Research has been accomplished using pilot membrstadlation, consisting of basic
elements such as a feed tank, a pressure pump andndbrane module of industrial
ceramic membranes. The parameters characterizegrémbranes are summarized in
Table 1. Waste brines from fish processing plarthvein average fat content 22 g/kg,
concentration of proteins 12 g/dand sodium chloride 13.5 wt.%, were treated with th
use of ultrafiltration. Tests were run in semi-édaultrafiltration cross-flow system, with
continuous discharge of the permeate P, and thateté R, recycle, in a controlled process
maintained in the following conditions: transmenmtegoressureTMP = 0.2 MPa, feed
velocity over the surface of the membra@€&V = 6 m/s and temperatufe= 25°C.

Table 1
Characteristics of ceramic membranes used in ilitedion tests
Parameter Cut-off No of Channel hydraulic Length Filtratior21 area
channels diameter [mm] [m] [m9]
300
Value 150 23 35 1.178 0.35
50

Results and discussion
Multi-stage ultrafiltration tests

Table 2 lists the test results obtained in twoesedf measurements. In the first series
Sy, industrial brine was pre-filtered (bag filtersOl@Gnd 1 mm), then the obtained filtrate
with a volume of 18 drhwas subjected to ultrafiltration with the use ofmembrane of
300 kDa. In the last stage of the serigstl$e resulting permeate with a volume of 11.5 dm
was subjected to ultrafiltration with the use ahambrane of 150 kDa. In the second series
S,, the filtrate from prefiltration of the initial Yome of 22 dm was subjected to
ultrafiltration using a 150 kDa membrane and theulting permeate volume of 11.3 8m
was again ultrafiltered using a membrane of 50 kBaaphical representation of the
industrial treatment of brines in the hybrid fiticm-ultrafiltration process is shown in
a paper [6]. The protein content in permeates atehtates has been determined based on
measurements KN (Kjeldahl total nitrogen).
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Table 2
Results of experimental two-stage ultrafiltratidnmmlustrial brines after prefiltration
Average | Average
Series Membrane UF Feed Permeate | Permeate protein protein
. content content
of cut-off timet | volume volume recovery | . '5oter | in R after
P 3 3 —
measurements [kDa] [min] | Ve[dm?] | Vp[dm]] Qp = Vp/VE time t time t
[g/dm?] [g/dm?]
s, 300 40 18.0 115 0.64 1.97 5.0
150 20 115 6.0 0.52 - -
S, 150 75 22.0 11.3 0.51 1.65 3.2
50 45 11.3 5.0 0.44 131 2.1

Results presented in Table 2 show that a two-stegfiliration process preceded by
a prefiltration leads to the concentration of pirtgen the retentates. At the same time, the
permeate protein contents have decreased in cosopaio the raw brine to a level in the
range of 1.97-1.31 g/dindepending on the cut-off of the membrane. Peraseabtained
using ultrafiltration process were transparent vgtod smell. Figure 1 shows photos of
brine (feed), permeate after ultrafiltration witluse of 150 kDa membrane, and a retentate
after long-term test.

Microbiological analysis

Food industry is very much focused on ensuringntierobiological cleanliness of the
processes used. Therefore, in assessing the dgfiticaf the tested membranes for brine
treatment, one of the most important criteria, ddition to the technological effectiveness
are the results of microbiological tests.

Fig. 1. The samples of raw brine as well as pereneaid retentate after ultrafiltration process wattuse
of 150 kDa membrane [7]
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Microbiological tests were performed in two indegent laboratories. Testing
involved samples obtained from the ultrafiltratipmocess (feed,;JFand after ultrafiltration
(permeate, P, for ultrafiltration process with the use of membes 300 and 150 kDa.
Ultrafiltration with the use of membranes 150 afi® &Da concerned the brines from two
different fish processing plants, respectivelyaRd k. Performed microbiological analyses
determined the total number of psychrophilic micgamisms at 7 and 20°C as well as
number of halophilic microorganisms. Determinatafrthe total number of psychrophilic
microorganisms were performed in accordance with PRolish standard
PN-90 A-75052/05, while in a case of halophilic mimrganisms substrate after Burbianka
and Pliszka was used [8].

Table 3
Results of microbiological analysis
Membrane cut-off _Determm(_ed Analysed samples Cell number [cfi/cr]
microorganisms

Halophilic Feed, If 8.6 10°
Permeate, P ng

150 kDa Psychrophilic, 20°C Feed, If 2310
Permeate, P ng
Psychrophilic, 7°C Feed, Ir ng
Permeate, P ng

Psychrophilic, 20°C Feed, & 9.8 10°
Permeate, P ng

300 kDa Psychrophilic, 7°C Feed, & 1.7-1¢°
Permeate, P ng

ng = no growth; cfi = colony-forming individuals

As it is apparent from Table 3, there was no presenf test microorganisms in the
ultrafiltration permeates for both membrane 150 38@ kDa. Decreasing the temperature
from 20 to 7°C had a beneficial effect on the ndotogical test samples before
ultrafiltration (R, and k), substantially reducing the amount of cells pnéséVhile
implementing the technology into practice it iosiyly recommended that storage of spent
brine takes place in the refrigerator.

Conclusions

The aim of the research is to develop pro-envirartaieregeneration technology of
used brines generated at fish processing plants v use of pressure-driven membrane
processes and ceramic membranes, allowing thertesatof brine to a level enabling the
recycling to a technological process and recovéproteins and their hydrolysis products.
Pro-environmental and economic aspects of the imgh¢ation of such technology in fish
processing plants and other salt-using processd® ni@em fully deserving underline.
Regeneration of waste brines and their re-use @ pgtocess will lead to significant
reduction of their consumption. This will reduce thuantity and pollution load discharged
to the wastewater treatment plant and translatelawer fees for wastewater management.
Simultaneously the production costs associated wih purchase, transportation and
storage of fresh brines as well as with waste tisposal will be substantially reduced.
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Literature data analysis and the results of thidyindicate that the abovementioned is
possible if a hybrid system consisting of prefiiva and ultrafiltration in several steps
using membranes with a suitable cut-off is desigaed developed. It will be also
undoubtedly necessary to identify the optimal pssceparameters and develop
a technological database characterizing performandeselectivity of applied membranes.

Analysis of the research results clearly indicales a hybrid process composed of the
filtration on a pre-filter and a bag filter of 1Ghd 1 mm followed by several steps of
ultrafiltration on ceramic membranes with cut-off 300, 150 and 50 kDa, allows for
protein removal from waste brine to less than 2mj/éind 100% elimination of
psychrophilic microorganisms. Ultrafiltration testempleted in time up to 75 min under
constant process conditionSMP = 0.2 MPa,CFV = 6 m/s at 25°C have allowed for
achievement of the recovery factor of the treat@uehQp up to 64%.
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PROSRODOWISKOWA TECHNOLOGIA OCZYSZCZANIA SOLANEK
PRZEMYStOWYCH Z ZASTOSOWANIEM MEMBRAN CERAMICZNYCH

Instytut Inzynierii Transportu, Wydziat tynieryjno-Ekonomiczny Transportu
Akademia Morska w Szczecinie
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Abstrakt: Przedstawiono wyniki badawieloetapowego procesu ultrafiltracji ztych solanek przemystowych
z zastosowaniem instalacji pilotowej oraz komerggin membran ceramicznych. Celem hadgta analiza
mazliwosci  zastosowania ultrafiltracji i membran ozngm cut-off do oczyszczania zytych solanek
i frakcjonowania protein w nich zawartych. Badap@cesu membranowego wykonano w statych warunkach:
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cisnienie transmembranow&MP = 0,2 MPa, pydkos¢ solanki nad powierzchfimembranyCFV = 6 m/s,
temperaturaT = 25°C z zastosowaniem membran ceramicznych @ftu#00, 150 i 50 kDa. W testach
ultrafiltracyjnych realizowanych w systemie pototéyen (ciagte odprowadzanie permeatu i zawracanie retentatu)
analizowano zawarf6 protein w permeatach i retentatach oraz stopiézysku permeat®, Przedstawiono
réwniez wyniki bada mikrobiologicznych ziytych i oczyszczonych solanek wykonane przez dvezaténe
laboratoria.

Stowa kluczowe:technologie pré&rodowiskowe, ultrafiltracja, membrany ceramicznelaski przemystowe,
przetwdrstwo ryb, analiza mikrobiologiczna
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CONTENT OF POLYCYCLIC AROMATIC HYDROCARBONS
IN SOIL FERTILIZED WITH ORGANIC MATERIALS
DERIVED FROM WASTE

ZAWARTO $C WIELOPIER SCIENIOWYCH W EGLOWODOROW
AROMATYCZNYCH W GLEBIE NAWO ZONEJ MATERIALAMI
ORGANICZNYMI POCHODZENIA ODPADOWEGO

Abstract: The aim of the research was to determine the inflaef fertilization with waste organic materials o
the content of polycyclic aromatic hydrocarbons KRBAin soil. Samples obtained in the third yeathsf field
experiment were analysed. The field experiment ¢mag 7 treatments: a non-fertilized soil and & feotilized
with mineral fertilizers, cattle manure, green wasbmpost, sewage sludge, compost from sewageesiaigd
straw as well as with a mixture of sewage sludge fzard coal ash. Maize, which was cultivated ftagd, was
the test plant. The content of 16 compounds betando the group of polycyclic aromatic hydrocarbons
(according to the list of the United States Envinemtal Protection Agency) in the soil was determinsing gas
chromatography with mass detection, after solidsphextraction. The total content of the 16 PAHs lea®r in
the soil fertilized with manure and compost fromwvage sludge and straw than in the control soil, lgter in
the sail fertilized with green waste compost aslvesl with the mixture of sewage sludge and ashwas
determined that the PAHs content in the soil oftthe remaining treatments was close to the coritemtd in the
non-fertilized soil. 4-ring compounds constituted highest share among polycyclic aromatic hydtumas.

Keywords: polycyclic aromatic hydrocarbons, sewage sludgeypost

In Poland, application of composts and sewage sldidigfertilization is possible when
these materials do not pose a threat connectedawithxcessive content of heavy metals or
the presence of microorganisms and parasites [ tfently, however, attention is drawn
also to the presence of organic compounds belongingersistent organic pollutants
(POPs) in waste materials. Examples of POPs arbcymic aromatic hydrocarbons
(PAHS), polychlorinated biphenyls (PCBs), polycitated dibenzodioxins (PCDDs),
polychlorinated dibenzofurans (PCDFs), and absdebaityanic halides (AOX) [3-5]. They
are compounds of anthropogenic origin which areri@@rfor considerable distances
(thereby occurring in places far away from whereytbriginated). They are characterized
by a long half-life period and lipophilic propedieThese compounds show mutagenic,
carcinogenic, teratogenic, and cytotoxic effecthiaiMis important is that organic pollutants
introduced into soils can be, similarly to traceménts, transferred to further links of the
soil-plant-animal-human food chain, where they baraccumulated [6].

As it was highlighted above, POPs include, amonigerst polycyclic aromatic
hydrocarbons. They are compounds which have betwgerand thirteen benzene rings
arranged in linear, angle or cluster configuratiohamber of rings in a PAH molecule
determines compound properties - hydrocarbons aitireater number of rings are less
volatile and less water-soluble, but more resist@Entbiological decomposition. It is
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confirmed by results of research by Banach-Szat Et]. The main anthropogenic sources
of PAHs include: industry (petroleum refining), doastion of fossil fuels and waste, and
road transportation (combustion of fuels as wellbgasion of tyres and asphalt) [3, 6].
Fertilization with PAH-containing materials deriveBdm waste may increase the content of
these compounds in soil and plants [8-10].

The research was conducted in order to determiadntfuence of fertilization with
waste organic materials on the content of polycyatomatic hydrocarbons (PAHS) in soil.
The following organic materials were analyzed foe impact they have: compost from
green waste, municipal sewage sludge which wasooiposted, compost from sewage
sludge and wheat straw as well as mixture of sewhgkye and hard coal ash.

Material and methods

Samples obtained in the third year of the field eskpent were analyzed. The field
experiment was carried out at the experimentalostaif the University of Agriculture, in
Krakow-MydIniki. The experiment was conducted on agid soil (phc = 5.40) with
grain-size distribution of light clay. Content o&te elements in the soil did not exceed the
maximum permissible values established for agnicaltuse of sewage sludges, neither did
the pHyo value of soil make fertilization with sewage sladignpossible [2]. The total
content of 16 PAHs in the soil amounted to 488@- kg™ d.m., whereas the soil
contained:

e 17.5pg- kgt d.m. of 2-ring PAHS,

« 88.8ug- kg d.m. of 3-ring PAHS,

e 243.8ug- kg™t d.m. of 4-ring PAHSs,

« 138.2ug- kg™t d.m. of 5- and 6-ring PAHSs.

The experiment was set up in 2008 and continuetthényears 2009 and 2010. The
field experiment comprised 7 fertilizing treatmerfesach conducted in 4 replications):
non-fertilized soil (control treatment) as wellsasl fertilized with mineral fertilizers, cattle
manure, compost from green waste, stabilized mpamicsewage sludge coming from
a mechanical-biological sewage treatment plant, prinfrom municipal sewage sludge
and wheat straw, and with a mixture of sewage syl hard coal ash.

Table 1
Content of PAHs in manure and organic materialsl disefertilization

Manure Compost from Sewage | Compost from sewage Mixture of sewage
PAHs green waste sludge sludge and straw sludge and ash
[ug- kgd.m,]

° cT % 2 478 28.3 1519 4589 7360
< 3 3 37.7 128 2323 424 19,957
EST S| 4 n.s. 911 680 3894 371
z - El5+6 n.s. 322 305 21.5 425
Sum of 16 PAHs 516 1389 4827 8929 28,113

" n.s. - not stated

Content of trace elements in the organic matetiaéd for fertilization did not exceed
the permissible value established for agricultwse of sewage sludges [2]. Among the
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materials used for fertilization, the lowest cottehPAHs was found in manure, and the
highest in mixture of sewage sludge and hard csta@able 1). A high content of PAHs in
the compost from green waste was due to the typmatérial used in composting - the
compost was generated mainly from waste coming frintenance of urban green areas.

The PR 39F58 maize of Pioneer was the test plaatlipears of the research and it
was grown for silage. In the'Year of the experiment, the following doses ofilieation
were used: 160 kg N, 168 kg®®, and 140 kg KO - ha™. To the soil fertilized with
manure and organic materials, the whole nitrogese deas introduced in manure and those
materials. Mineral fertilizers (ammonium nitrateyriehed superphosphate and potassium
chloride) were used to introduce the nutrient eleis¢o the soil in a treatment fertilized
with mineral fertilizers and to equalize the doséphosphorus and potassium in the soils
of the remaining fertilized treatments. 100 kg 9,k R.Os, and 110 kg KO - ha, all in
the form of mineral fertilizers, were used in tH€ @nd 3 year of the research. Accurate
data regarding conditions of conducting the expenimwere included in the papers of
Tabak and Filipek-Mazur [11, 12].

In the samples, the content of the following 16 poomds belonging to the group of
polycyclic aromatic hydrocarbons, according to lieeof the United States Environmental
Protection Agency (US EPA), was determined: napétleg acenaphthene,
acenaphthylene, fluorene, phenanthrene, anthracerfejoranthene, pyrene,
benz[a]anthracene, chrysene, benzo[b]fluorantheeezo[k]fluoranthene, benzo[a]pyrene,
indeno[1,2,3-cd]pyrene, dibenz[a,h]anthracene, badzo[g,h,ilperylene. The content of
PAHs was determined using gas chromatograph witlrssmapectroscope Varian
GC/MS/MS 4000, after solid phase extraction (SP&hagi Bakerbond C18 500 mg/3 ml
columns. FactorFour VF-5ms capillary column wasdusBue to difficulty separating
dibenzo[a,h]anthracene (5-ring compound) and infdeB@-cd]pyrene (6-ring compound),
the content of 5- and 6-ring hydrocarbons was prteseas a sum. The determination of the
content of PAHs in each sample was conducted inrepdications. In order to perform
calibration, a method of comparison with an outsielerence standard was used. Restek
610 PAH Calibration Mix A was chosen as refererteadard.

Statistic elaboration of the results was made uSiagistica 10 software. A univariate
analysis of variance was carried out. Significaotdifferences between mean values was
estimated using the Duncan testH0.05).

Results and discussion

After three years of the research, a significastigtistical influence of fertilization
with manure, green waste compost and with sewagégsl on the content of 2-ring
aromatic hydrocarbons in the soil was found (TaBje Soil in treatments where the
mentioned fertilization was introduced contained-193% more 2-ring aromatic
hydrocarbons than the control soil. The conten8-ofind 4-ring compounds in soil from
two fertilized treatments was significantly lowéah the content determined in the control
soil - 61 and 40% in the soil fertilized with congbdrom sewage sludge and straw
respectively, and 46 and 35% in the soil fertilizgith manure. The soil fertilized with the
mixture of sewage sludge and ash had 40% moregdRAHs than the control soil, and the
soil fertilized with green waste compost had 82%anBAHs. The soil fertilized with the
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mixture of sewage sludge and ash contained also 5d% 5- and 6-ring PAHs than the
non-fertilized soil, and the soil fertilized withamure had 64% fewer of these PAHSs.

The total content of the 16 PAHs in the soil of teperimental treatments was
between 292 and 736 - kg™ d.m. Compared with the control soil, the contefthe sum
of PAHs was lower by 43% in the soil fertilized Witmanure and by 42% in the soll
fertilized with compost from sewage sludge andvsti@nd higher in the soil fertilized with
green waste compost as well as with the mixtureesfage sludge and ash by 43 and 35%
respectively. It was determined that the contenPéHs in the soil in two remaining
treatments (fertilized with mineral fertilizers asdwage sludge) was close to the content
found in the non-fertilized soil.

Table 2
Content of PAHSs in soil
Number of rings in a PAH molecule Sum of 16
Treatment 2 | 3 | 4 | 5+6 PAHs
[ug - kg™ d.m. £SD]

No fertilization 10.5a+1.0 98.3cd £26.7 237.8b +34.7 167.5bc +57.0 31419.6
Mineral fertilizers 11.6a £1.5 114.9d £27.f7 2454519).9 166.7bc +15.6 538.7b +8.0
Manure 23.4b 6.2 53.5ab +24.3 155.0a +46.8 601822t 292.4a +28.0
Comp";;;’t%m 9'€eN| 20.3p43.9 | 100.2cd +32.p 432.2d 670  183.1c +64.8735.8d +14.0

Sewage sludge 25.3b +6.5 65.1abc +2.3  295.6bc +P200.9cd +15.4 586.9bc +7.4
Compostfiom sewage 140,497 | 388a+3.9| 143.3a+17/5 104.8ab+16.3 6.920+14.9

sludge and straw

Mixture of sewage
sludge and ash

13.2a+25 | 86.6bcd £17.8  333.9c+86[2  262.8d +8f7.%596.6cd +23.5

" Mean values for parameter in columns marked with 9ame letters do not differ statistically sigrifitly at
o = 0.05, according to the Duncan test

Soil in two treatments, one fertilized with greeaste compost and one fertilized with
the mixture of sewage sludge and ash (the conténthe® 16 PAHs was 736 and
697 ug - kg™ d.m. respectively), was polluted with hydrocarhoAscording to criteria
proposed by the Institute of Soil Science and PGuitivation [6], the pollution was small
(Il degree). It is not recommended to cultivateciglecrops designated for the production
of food with few harmful substances on such potlgeils.

The content of PAHSs in the soil determined in owsearch did not differ from the
literature data. In Poland in 2010, in soils ofiagjtural use, the mean content of 13 PAHs
(according to the US EPA list, without naphthaleaeenaphthylene and acenaphthene)
amounted to 558g - kg™ d.m. (data for 216 measuring points), whereasénMalopolska
province the content of 13 PAHs was between 122 48@B ug - kg™ d.m. (data for
17 measuring points) [12]. In the measuring pootated in Krakow, where the field
experiment was conducted, the content of 13 PAHsumted to 192Qug - kg™ d.m.
in 2010, whereas in soils collected from two poitdsated in villages closest to the
research site the content of 13 PAHs was 393 adqi§4 kg™ d.m. [13]. In own research,
the total content of 13 PAHSs in soil was betwee a86d 71Qug - kg™ d.m.
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4-ring compounds constituted the highest share gmg@olycyclic aromatic
hydrocarbons determined in the soil (Fig. 1). Thepstituted between 46 and 59% of all
determined PAHSs.

2-ring compounds 3-ring compounds

M 4-ring compounds M 5- and 6-ring compounds
]

no fertilization
mineral fertilizers
manure

compost from green waste

Treatment

sewage sludge
compost from sludge and straw

mixture of sludge and ash

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Fig. 1. Share of PAHs with different numbers ofjgrin sum of 16 PAHs

Conclusions

The carried out research revealed that the mixnfresewage sludge and ash
(ie material containing the highest amount of polyiyaromatic hydrocarbons) as well as
the compost from green waste had an unbeneficattedih the content of PAHs in the soil.
Particularly, fertilization with the compost fronewage sludge and straw did not pose
a threat of soil pollution with polycyclic aromatiydrocarbons.
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ZAWARTO $C WIELOPIER SCIENIOWYCH W EGLOWODOROW
AROMATYCZNYCH W GLEBIE NAWO ZONEJ MATERIALAMI
ORGANICZNYMI POCHODZENIA ODPADOWEGO

Katedra Chemii Rolnej$rodowiskowej, Uniwersytet Rolniczy im. Hugona Ktdia w Krakowie

Abstrakt: Celem bada byto okrelenie wptywu nawaenia odpadowymi materialami organicznymi na zavéarto
wielopiescieniowych weglowodoréw aromatycznych (WWA) w glebie. Analizonodalano probki uzyskane
w trzecim roku déwiadczenia polowego obejmgiego 7 obiektow: glebnienawagons oraz nawaong nawozami
mineralnymi, obornikiem bydtym, kompostem z odpaddw zielonych, osaderakowym, kompostem z osadu
sciekowego i stomy pszennej oraz mieszarisadusciekowego i popiotu z wgla kamiennego. Rting testowy
byta kukurydza uprawiana na kiszenkZawartg¢ 16 zwizkéw z grupy wielopieicieniowych veglowodoréw
aromatycznych (wedtug listy Amerykskiej Agencji OchronySrodowiska) w glebie oznaczono technik
chromatografii gazowej z detekanasowy po ekstrakcji do fazy statej. Gleba nawpa obornikiem i kompostem
z osadusciekowego i stomy charakteryzowata shniejsz taczm zawartécia 16 WWA od gleby kontrolnej,
natomiast gleba nawona kompostem z odpaddw zielonych oraz mieszansadusciekowego i popiotu -
zawartdcia wigksz. W glebie pozostalych dwoch obiektéw oznaczono aztsi¢ WWA zblizons do
stwierdzonej w glebie nienawonej. Wsrdd wielopiekcieniowych veglowodoréw aromatycznych najgkiszy
udziat stanowity zwjzki 4-piescieniowe.

Stowa kluczowe:wielopiekcieniowe wglowodory aromatyczne, oséciekowy, kompost
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HYDRAULIC PROPERTIES OF CLAY LINERS OF WASTE
LANDFILLS COMPACTED AT VARIOUS WATER CONTENTS

WPLYW WILGOTNO $CI ZAG ESZCZANIA MATERIALOW ILASTYCH
NA WEA SCIWO SCI HYDRAULICZNE PRZEStON MINERALNYCH
SKELADOWISK ODPADOW

Abstract: According to the actual standards, municipal ldhaklls, as highly dangerous to the natural
environment, have to be isolated from the enviramrbg liners in order to prevent the migration nfraopogenic
pollutants. The properly prepared mineral lineralisg the top, sides and bottom of landfill limiginvater
infiltration to waste body and leachate seepageher@opular manner of landfills isolation. The eral liners are
usually constructed of compacted clay soils to iobtthe required value of the sealing layer saagdtydraulic
conductivity lower than 10° m s*. The value of hydraulic conductivity of saturasail is directly affected by
the molding water content during compaction. Adudiisilly, the sustainability of clay liners is highiglated to its
shrinkage and swelling properties. This paper ptssesearches concerning the effects of moldirtenentent
of selected clay soil on saturated hydraulic cotiditg and shrinkage/swelling properties of compaktsoil as
well as hydraulic properties of the top sealingtinconstructed according to the actual standafdspmpacted
clay material. Range of our studies covered therktbry and field measurements as well as numemcaleling.
Saturated hydraulic conductivity under the natdigld conditions was measured by BAT probe, Geolord
hydraulic conductivity of the compacted clay soil&s tested in the laboratory by Humboldt Mfg. Co.
permeameters for compacted soils, according to ADB@56. Water retention characteristics of comphstal

in range of 0-15 bar were determined by applicatbrsand box and pressure chambers with ceramtespla
methods. The assessment of hydraulic propertidsef made of clay materials was performed for 2042
hydrologic year by the method of numerical modelaignfiltration process for a selected sectionasfdfill top
cover constructed in Rastorf, Germany, adjusteBdissh standards. The numerical calculations weréopmed

in FEFLOW, DHI-WASY modeling software.

Keywords: clay materials, mineral liners, hydraulic conduityivnumerical modeling

Introduction

Landfilled municipal wastes pose a considerableatto the natural environment due
to the possible migration of numerous pollutantsad and water, especially by leachate
seepage. Generation of leachate is triggered yratibn of surface water, originated form
precipitation and snow cover melting, entering theste body. Thus, negative
environmental impact of landfills depends on thiiceincy of limiting the pollution by the
applied techniques of sealing [1].

Prevention of surface water infiltration and leaehamigration to soil-water
environment is realized by barriers, known as Bndrased on natural and geosynthetic
materials. One of the most popular and durabletispliare compacted mineral clay liners
meeting the requirements of the local standards3]2These barriers are constructed of
natural clays of permeability capable to meet #guired value of hydraulic conductivity
[4, 5], which should be lower than 1710m s in the European Union. The saturated

! Faculty of Environmental Engineering, Lublin Unisi¢y of Technology, ul. Nadbystrzycka 40B, 20-@islin,
Poland, email: M.Widomski@wis.pol.lublin.pl

2 Institute for Plant Nutrition and Soil Science, @Kiel, Hermann Rodewald-Str. 2, 24118 Kiel, German

" Contribution was presented during ECOpole’14 Canfee, Jarnoltowek, 15-17.10.2014
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hydraulic conductivity of clayey soils under natucanditions may be higher than the
above value [6-8] so the application of compactipmcess may be required. The
compaction increases the resistance of soil to rwltsv, significantly reducing the
saturated hydraulic conductivity of soil [9], hovesythe degree of reduction depends on
the applied molding water content of the soil. B® molding water content becomes one of
the most important factors influencing the hydraglharacteristics of compacted clay liner
[10-14]. On the other hand, molding water contdfects also the swelling and shrinking
properties of clays, influencing the sustainabilit the liner [15-17]. Higher shrinking
potential results in a significant risk of lineracking, thus, increase of its permeability.
This paper presents an attempt of determinatidheo&ffects of soil molding water contend
on its saturated conductivity, shrinking and swgllipotentials and finally the hydraulic
properties of the top sealing liner, constructecbading to the actual standards.

Materials and methods

The presented studies were focused on mineral olaterial sampled in Lazek
Ordynacki, approx. 90 km south of Lublin, PolandheTbasic characteristics of sampled
soil are presented in Table 1.

Table 1
Basic characteristics of the clay material sampiddcazek Ordynacki, Poland
Sand [%] 4.5
Particle fraction name Silt [%] 51
Clay [%] 44.5
Solid particle density [Mg m] 2.614
Bulk density [Mg m 1.693

The particle size distribution of the soil was detimed by the standard sedimentation
method according to PN-B-04481:1988 [18], solidtiplr density was measured in le
Chatelier flask and gravimetric water content whtaimed by the standard weight method
according to ASTM C566-13 [19]. The saturated hytcaconductivity of the tested soil
under natural, undisturbed conditions was measbsedhe field permeameter for fine
grained soils GeoN by Geo Nordic, Stockholm, Swedeaboratory measurements of
saturated conductivity of the soil compacted afoter water contents were performed in
the permeameters for compacted soils by Humboldg. M£o, USA. The H-4145
compaction permeameters and the falling water heathod of measurements, meeting
requirements of ASTM D5856-95 [20], were applied dar studies. The soil was
compacted, with different molding water contentsgaxding to PN-B-04481:1988 [18].
The following values of molding water contents (imgight) were applied during our
laboratory studies: 17, 19, 21 and 23%. Water tigtercapabilities of the compacted clay
material were tested in pressure range 0-15 bahdystandard sand box (IMUZ, Lublin,
Poland) and pressure chambers with ceramic plat&olth Moisture, Santa Barbara, USA.
Numerical modeling of hydraulic efficiency of a reinal liner constructed of the compacted
clay material was performed by FEFLOW, WASY-DHI,i®any modeling software. The
developed two dimensional model represented a Wida section of mineral liner of 2 m
thickness, required by the actual Polish and Ewapmtandards [2, 3], consisting of three
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layers: clay sealing layer of 0.5 m thickness, sandinage layer of 0.5 m and soil

recultivation layer of thickness equal to 1.0 m.eThpplied slope shape reflected
morphology of the liner in Rastorf, Germany. Topface of modeled liner was assumed as
covered by perennial grass mixture. The preparedemoonsisted of 5965 nodes and
11549 elements. The developed model was presantédure 1.

#Sand drainage layer R

Clay sealing layer

Fig. 1. Developed model of the selected sectiomaficipal landfill top liner

Numerical calculations of the two dimensional wdtew in FEFLOW were based on
standard forms of Darcy’s and Richards’ equati@is23]:

q =k N
I ] aXJ
oh 0q, _
—_—=—-—17F
ot 0x; Q

where: g - groundwater flux vector [m™§, h - hydraulic potential [m]t - time [s],
Kjj - hydraulic conductivity tensor,j = 1, 2 [m 5%, Q - sink or source termT§.

Mathematical description of water retention curgswemed to our simulations was
presented by van Genuchten [24]:

6, -6,
L+ (AR"™

where: 6, - saturated volumetric water content®m], & - residual volumetric water
content [Mi m™], &= 0 n? m™, h - hydraulic potential [m]A - water retention curve fitting
parameter [Mf], n, m -dimensionless water retention cuffiting parametersm =1 — ™.,

Hydraulic conductivity of unsaturated sokswas calculated in the presented model
according to van Genuchten’s formula [24]:

2
1\™M

K=KS[1-|1-8m

where:K; - saturated hydraulic conductivity [m’ | - dimensionless fitting parameter,
| = 0.5 [23],S - dimensionless effective saturation defined as:
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S = 6-6,
HS - gr
Characteristics of sand and recultivation layeuassd to modeling are presented in
Table 2. The isotropic clay and sand soil were mg&slito our calculations due to the
developed small scale model [25].

Table 2
Soil characteristics for drainage and cultivatiayelrs assumed to modeling
Parameter Recultivation layer | Sand drainage
Saturated hydraulic conductivity [ 0.02-10* 2.0-10°

Saturated water conteqd[m® m~] 0.29 0.37

Residual water content [m* m | 0 0.11

Water retention curve paramefefm] 7.645 2.3

Water retention curve paramete}-] 1.104 7.7
Anisotropy ratioa [-] 0.17 1
Anisotropy rotation anglé[deg] 90 0

Numerical modeling of water infiltration throughetimineral liner required assumption
of the necessary initial and boundary conditiort®e Thitial condition was assumed as 90%
liner’s soil saturationS= 0.9. The bottom boundary condition was assumedtie@sonstant
gradient type Neumann condition of value equalaimrated hydraulic conductivity of the
soil in sealing layer. Such as boundary conditieflects the undisturbed free water
drainage,e gravitational seepage to the lower domain. Them&n type top boundary
condition assigned to upper limit of the modeleefed water flux entering and leaving the
modeled domain. The daily values of water flux wbesed on measured and calculated
daily precipitation, interception, evapotranspwatiand surface runoff for municipal
landfill in Rastorf, Germany for 2012 hydrologicaye

Results and discussion

The results of saturated hydraulic conductivity susaments as well as bulk density,
and water retention characteristics according to @enuchten model for the applied
molding water contents are presented in Table 3.

Table 3

Saturated hydraulic conductivities, bulk densitiag water retention parameters of the soil depelydem
molding water content

Molding water content [% by weight]
Parameter 7 19 21 >3

Saturated hydraulic conductivity [m¥s | 1.00-10% | 7.33-10" | 3.69-10" | 3.21.10%

Soil bulk density after compaction [Mgth 1.66 1.70 1.71 1.70

Bulk density after swelling [Mg i 1.52 1.59 1.63 1.60

Soil bulk density after shrinkage [Mg#h 1.86 1.97 1.98 2.02
Saturated water contegd[m® m| 0.365 0.350 0.346 0.350
Water retention curve paramefefm™ 0.105 0.928 0.675 0.100
Water retention curve parametef-] 1.197 1.123 1.116 1.155
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The results presented in Table 3 show a clear dseredf saturated hydraulic
conductivity of clay resulting from the increasemblding water content. All tested cases
of compaction with 17, 19, 21 and 23% water contdltwed to achieve the values of
saturated hydraulic conductivity of clay sealingdalower than required by the standards
[2, 3]. The obtained values & are one or even two orders of magnitude lower than
required. The observed bulk densities of compaclkag show that the maximum value of
bulk density, identifying the highest possible degrof compaction, was achieved for
molding water content of 21%. The highest swellpagential (difference between soil bulk
density and bulk density after swelling) equal tb40Mg n>was observed for the lowest
molding water content applied. On the other hahd,Highest shrinkage potential equal to
0.32 Mg m® was noted for the highest molding water contepliad. Taking into account
that high shrinkage potential may trigger crackimgich significantly increases hydraulic
conductivity of sall, it should be suggested thampaction of clay minerals should be
performed on the left, “dry”, side of Proctor cunie our case, molding water content
between 17 and 21% seems to be suitable.

The results of numerical calculations of water sgepthrough a 10.0 m section of
liner utilizing clay compacted at various moldingater content as sealing layer are
presented in Figure 2. The results presented inr&ig show that hydraulic properties of
the mineral clay liner as a barrier for pollutaptepagation made of the compacted clay
directly depend on the applied molding water contdrhe lower the molding water
content, the higher saturated hydraulic condugtiaitd the higher infiltration rate for the
same upper boundary condition. The observed caémlildecrease of unit yearly seepage
volume per 1 rhwas from 4.65- 10 m® to 1.8-10° m®. Figure 2 shows also that there is no
significant difference in sealing capabilities afteaching the maximum bulk density
during the compaction process.

Accumulated seepage volume per 1 m? of liner
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Fig. 2. Calculated yearly cumulative volume of segpthrough the bottom boundary of mineral linedenaf the
clay soil compacted at different water contents (@W
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Summary and conclusions

Our studies are in agreement with literature prgvandirect relation between molding
water content applied during compaction of clay atsdsaturated water conductivity.
We observed a decrease of saturated hydraulic ctimity of compacted clay, from
1.00-10"to 3.21-10" m s?, due to increase of applied molding water contesmfil 7 to
23%. Additionally, the modeled decrease of seegageolating through the top liner for
the same range of molding water content variabitgépched one order of magnitude.
However, it must be underlined that according te #ignificant increase of shrinkage
potential for values of molding water content highlikan value corresponding to the
maximum bulk density obtained, the clay utilizecconstruction of sealing layer should be
compacted on the left, dry side of Proctor’'s curelow the maximum bulk density.
Otherwise, the possibility of soil cracking, rechgithe sealing properties of the liner and
increasing the possible seepage becomes signifithatabove shows that selection of the
proper molding water content during constructiorihef municipal landfill cell liner of the
compacted clay material is crucial because it mggificantly influence the efficiency of
the sealing preventing migration of the pollutaints the natural environment. The lacking
validation of our simulation calculations causeat thur modeling studies should be treated
as preliminary.
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WPLYW WILGOTNO SCI ZAG ESZCZANIA MATERIALOW ILASTYCH
NA WEA SCIWO $CI HYDRAULICZNE PRZESEON MINERALNYCH
SKEADOWISK ODPADOW

tWydziat Inzynierii Srodowiska, Politechnika Lubelska, Polska
2InstytutZywienia Rdlin i Gleboznawstwa, Uniwersytet Christiana-AlbregtKilonia, Niemcy

Abstrakt: Zgodnie z aktualnymi wymogami prawnymi, sktadoveisidpadéw jako szczegdlnie niebezpieczne dla
srodowiska musz by¢ izolowane przestonami w celu zapobiegania rozprzesiania si zanieczyszcze
antropogenicznych. Jednym ze sposob6w zapewniamtkacji sktadowisk & odpowiednio przygotowane
i zagzszczone przestony mineralne, zabezpiegczapokryw oraz dno i boki skladowiska. Przestony minerakne s
najczsciej wykonywane z odpowiednio zgggczonych gruntéw ilastych, tak aby przepuszczélhgdrauliczna
warstwy ekranujcej byta nisza ni 1:10° ms™ Wartgi¢ wspélczynnika przewodnictwa wodnego gruntu
w stanie peinego nasycenia zglebezpadrednio od wilgotnéci osrodka porowatego w czasie zagczania.
Dodatkowo,zywotnas¢ i efektywnd¢ przeston ilastych jest bezfpednio uzalgniona od charakterystyki skurczu
i pecznienia materialu ilastego. Niniejsza praca prizetis prole okrelenia wplywu wilgotndéci zag:szczania
wybranego gruntu ilastego na przepuszcz#imo stanie petnego nasycenia, potencjat skurczicaznienia gruntu
oraz widciwosci hydrauliczne przestony skltadowiska odpadéw wya®) z zagszczonego gruntu ilastego,
zgodnie z obowizujgcym stanem prawnym. Zakres pracy obejmowat badabaratoryjne, terenowe oraz
modelowe. Przewodnictwo hydrauliczne gruntéw w igtaraturalnym okrdono za pomog polowej sondy BAT,
GeoNordic, przewodnictwo %aw stanie pelnego nasycenia po gaEgzeniu wyznaczono za PpPomgoc
przepuszczalrigiomierzy Humboldt Mfg. Co. do gruntéw zgggzczonych wg ASTM D5856. Charakterystyk
retencyjra zag:szczonych gruntéw w zakresie 0-15 bar wyznaczonparaog metody bloku pytowego oraz
komor cknieniowych z plytami ceramicznymi. Ocegnwlasciwosci hydraulicznych przeston wykonanych
z badanych materiatéw ilastych zrealizowano dlaurbi¢drologicznego 2012 poprzez modelowanie numesycz
procesu infiltracji przez wybrany fragment przykisysktadowiska odpadéw w Rastorf, Niemcy, dostosgyndo
polskich wymaga prawnych. Badania symulacyjne przeprowadzono zaogp programu obliczeniowego
FEFLOW, DHI-WASY.
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